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Abstract 
 
LAURA HAAK MARCIAL: Moving Beyond the Desktop: 
Searching for Information with Limited Display Size 
(under the direction of Brad Hemminger) 
 
Increasingly, users are performing more sophisticated types of tasks, like 
information search, across computing platforms including desktops/laptops, tablets, and 
smartphones.  While much research has been done to improve efficiency for each of 
these devices in the area of information search, few investigations have taken a 
pragmatic approach to determining the real efficiency costs across current state of the 
art devices and searching paradigms (typically browser based).  The study examined 
comparative task execution times for searching tasks under three different conditions: 
varying screen sizes (desktop, tablet, smartphone), varying interaction devices (mouse 
& keyboard and touchscreen), and varying types of search (Within Document, Known 
Item, and Exploratory).  
In addition, the impact of pagination technique (scrolling versus paging) on 
Within Document searching and the impact of using a generic website versus a mobile 
website for Known Item searching on a smartphone were investigated.  The aim was to 
inform current practice on user efficiency across these variables and future design in 
improving efficiency on the small screen device.  A within subjects (n=29) design was 
used comparing task execution times across three devices: a desktop, a tablet (iPad) 
and a smartphone (iPod).  
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Final results suggest that the typical user should expect to spend about 38% 
more time completing a Within Document task on the mobile device than they would at 
the desktop or on the tablet.  On average, a user spent 203% more time completing a 
Known Item task on the mobile device than they did at the desktop (125% more than 
on the tablet) and about 35% more time on the tablet than the desktop.  For the Known 
Item task, at least 38% of the extra time spent using the mobile device using a generic 
website is due to latency.  For the Exploratory task, users found that the poor support 
for browser based tabs (multiple open windows) on the mobile and tablet made the 
search process more cumbersome.  In general, user perception, in terms of task load 
and usability, aligned well with actual task execution times across the three devices and 
under the varying conditions. 
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List of Abbreviations and Terms 
 
Concept Definition 
Cellphone Cellular telephone, also known as a mobile phone and 
differentiated somewhat from smartphones and PDAs 
  
Cellular/mobile 
networks 
radio network distributed over land using base stations/cell 
towers to create an area of radio availability for portable 
transceivers (like mobile devices) 
Generations of this technology include: 1G (analog, 1981) 
> 2G (digital, 1992) > 3G (multi-media support and 
200kb/s, 2002) > 4G (IP packet switched, gigabit speeds, 
multi-carrier, to be released)) 
  
clamshell mobile phone form factor that closes via a hinge (flip) 
  
CMN GOMS original Card Moran and Newell Goals Operators Methods 
and Selection Rules Theory; used to disambiguate other 
versions of GOMS 
  
CogTool CogTool is a general purpose UI prototyping tool with a 
difference - it automatically evaluates your design with a 
predictive human performance model (a "cognitive crash 
dummy"). (http://cogtool.hcii.cs.cmu.edu/) 
  
CPM GOMS Bonnie John and John Kieras’s proposed revision to GOMS 
to include Cognitive-Perceptual Motor attributes 
  
DigitalDesk developed by Pierre Wellner in 1991, the DigitalDesk 
included a typical work desk, a camera, an LED pen and (in 
a more advanced version) a computer-driven projector 
  
EXP Exploratory portion of the project 
  
Gaming device a mobile device oriented toward gaming 
  
generic website Unmodified web site accessible using the browser of any 
display device 
  
goal according to Xie (2009), goal can be any of the following: 
a. Long-term goal refers to a user’s personal goal that 
they will pursue for a long time, such as professional 
achievement (e.g. doctorate degree). 
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b. Leading search goal refers to a user’s current task-
related goal that leads to a search (e.g. writing a 
paper). 
c. Current search goal refers to the specific search 
results a user intends to obtain (e.g. find relevant 
literature on task). 
d. Interactive intentions refer to sub-goals that a user 
must achieve to accomplish their current search 
goal. Task and goal are inseparable in the 
information-seeking and -retrieving process. 
  
GOMS Goals Operators Methods Selection Rules 
  
GUI Graphical user interface 
  
Identical query a query within a session that is a copy of a previous query 
within that session 
Jansen, Spink and Pedersen (2005) based on Jansen and 
Pooch (2001) 
  
Information behavior the totality of human behavior in relation to sources and 
channels of information, including both active and passive 
information seeking, and information use. Thus, it includes 
face- to-face communication with others, as well as the 
passive reception of information as in, for example, 
watching TV advertisements, without any intention to act 
on the information given. 
Wilson (2000) 
  
Information searching 
behavior 
the ‘micro-level’ of behavior employed by the searcher in 
interacting with information systems of all kinds. It consists 
of all the interactions with the system, whether at the level 
of human computer interaction (for example, use of the 
mouse and clicks on links) or at the intellectual level (for 
example, adopting a Boolean search strategy or 
determining the criteria for deciding which of two books 
selected from adjacent places on a library shelf is most 
useful), which will also involve mental acts, such as judging 
the relevance of data or information retrieved. 
Wilson (2000) 
  
Information seeking 
behavior 
the purposive seeking for information as a consequence of 
a need to satisfy some goal. In the course of seeking, the 
individual may interact with manual information systems 
(such as a newspaper or a library), or with computer-based 
systems (such as the World Wide Web). 
Wilson (2000) 
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Information use 
behavior 
consists of the physical and mental acts involved in 
incorporating the information found into the person's 
existing knowledge base. It may involve, therefore, physical 
acts such as marking sections in a text to note their 
importance or significance, as well as mental acts that 
involve, for example, comparison of new information with 
existing knowledge. 
Wilson (2000) 
  
Initial query the first query submitted in a session 
Jansen, Spink and Pedersen (2005) based on Jansen and 
Pooch (2001) 
  
Initial query stage stage in which the search strategy is constructed 
Rieh and Xie (2006) based on Efthimiadia (1993) 
  
interaction device Device used to interact in a human computer system; 
includes input and output display devices 
  
interaction style According to Shneiderman (1997) and Preece (1994), the 
basic forms of interaction style include command language, 
natural language, form fill in, menu selection, direct 
manipulation, and virtual reality 
  
interaction technique Method of using an interaction device to perform a task 
  
ISO 9241-11 usability standard which provides guidance on the extent to 
which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency and satisfaction 
in a specified context of use 
  
Information search 
process (ISP) 
introduced by Kuhlthau (1991), The Information Search 
Process (ISP) is a six-stage process that information 
seekers go through when seeking information. The six 
stages include Stage 1: Initiation, Stage 2: Selection, Stage 
3: Exploration, Stage 4: Formulation, Stage 5: Collection, 
and Stage 6: Presentation. 
  
Keyboard (varieties) main input device for computers; based on a typewriter 
keyboard, a set of buttons or keys which produce or 
correspond with letters, numbers, symbols or actions when 
pushed or touched.  Variants include: full sized, laptop 
sized, thumb sized, numeric, chorded, soft, and projection 
among others. 
  
Keyboard (layouts) any specific mechanical (ANSI, ISO, JIS), visual or 
functional layout of keys.  Typically, the mechanical layouts 
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are very similar across devices and languages with the 
exception of mobile devices which have several variants.  
Visual layout is language dependent and functional layout is 
software dependent. For most Latin script languages a 
QWERTY style keyboard is used. 
  
Keypad (numeric and 
alphanumeric) 
set of buttons arranged in a block or pad with number 
letters and some symbols.  Modeled after telephones, use 
of keypads on a mobile phone for text input requires either 
single tap, multi-tap or predictive text entry. 
  
KI Known Item portion of the project 
  
KLM Keystroke Level Model, the simplest of the GOMS variants 
  
MDITIM Minimal Device Independent Text Input Method introduced 
by Isokoski and Raisamo (2001) 
  
Microsoft surface Microsoft’s multi-touch enabled computing surface released 
in 2008 and designed for multi-user gestural recognition 
computing 
  
mobile device Any of a number of devices designed for use in a mobile 
context 
  
mobile website A form of a generic website tailored to a mobile device 
  
Multimedia device mobile device which supports interaction with multimedia 
(music, images, movies, and games, etc.), typically an iPod 
or similar 
  
Multi-point interface which allows user to interact via multiple points—
allows parallel processing of information from multiple 
points and supports bimanual input; see also multi-touch 
  
multi-touch Describes a touchscreen capable of receiving input from 
three or more distinct touches; has properties of multi-
point devices 
  
netbook small lightweight and inexpensive laptop designed for web 
based use (to augment other computing devices) 
  
NGOMSL Natural Language Goals Operators Methods and Selection 
Rules 
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pagination technique Technique used, whether scrolling or paging, to look for 
information 
  
PDA Personal digital assistant, the precursor to modern 
smartphones 
  
predictive text Single keypress of the keypad of a mobile phone for 
commonly used words (rather than multipress) 
  
QGOMS Quick (and dirty) Goals Operators Methods and Selection 
Rules (Beard, Smith & Denelsbeck, 1996) 
  
Query The entire string of terms submitted by a searcher in a 
given instance 
Jansen, Spink and Pedersen (2005) based on Jansen and 
Pooch (2001) 
  
QWERTY Modern day keyboard layout that takes it’s name from the 
first six keys in the upper left corner of the keyboard  
  
RSVP Rapid serial visual presentation; displaying text in a fixed 
position 
  
Reformulation query 
stage 
stage in which the initial query is adjusted manually or with 
the assistance of a system 
Rieh and Xie (2006) based on Efthimiadia (1993) 
  
Repeat query a query submitted more than once, irrespective of the user 
Jansen, Spink and Pedersen (2005) based on Jansen and 
Pooch (2001) 
  
Search move an identifiable thought or action that is a part of 
information searching 
Bates (1990) 
  
Search stratagem a complex of a number of moves and/or tactics and 
generally involves both a particular identified information 
search domain anticipated to be productive by the searcher, 
and a mode of tackling the particular file organization of 
that domain 
Bates (1990) 
  
Search strategy a plan which may contain moves, tactics and/or strategems 
for an entire information search 
Bates (1990) 
  
Search tactic a set of search moves that are temporally and semantically 
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related 
Bates (1990) 
  
search term Specific word or phrase used in a search 
  
Session the entire series of queries submitted by a user during one 
interaction with the Web search engine 
Jansen, Spink and Pedersen (2005) based on Jansen and 
Pooch (2001) 
  
simple search Can mean either an uncomplicated search goal or an 
uncomplicated search term or an uncomplicated search 
process  
(Jansen, Booth and Smith, 2009) 
  
smartphone Synonymous with converged device, preceded by a PDA 
and differentiated from a cellphone 
  
Softkey programmable key such as the F key of a keyboard; 
typically in use near the display of a mobile device 
  
tablet computer A laptop equipped with a stylus and/or touchscreen 
  
Task what someone does to achieve a goal  
(Xie, 2009 referencing Hackos and Redish, 1998, p. 56) 
  
task card Card used to guide user in the performance of a task trial 
  
task trial A single run of a task type (WD, Known Item or EXP) in this 
study 
  
task type One of the searching task types in this study: Within 
Document (WD), Known Item (KI) or Exploratory (EXP) 
  
Term Any series of characters separated by white space or other 
separator 
Jansen, Spink and Pedersen (2005) based on Jansen and 
Pooch (2001) 
  
Touch sensitive responding to touch as in touchscreens 
  
Transaction log 
analysis 
the study of electronically recorded interactions between 
on-line information retrieval systems and the persons who 
search for information found in those systems. 
Jansen, Taksa and Spink (2009) based on Peters (1993) 
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word completion Automatic completion of commonly used words in text 
entry (or suggestion of possible terms in a list) 
  
word prediction Automatic prediction of possible words from a list that 
refines as the user types 
  
Work task a work task represents a task that leads to information 
searching  
(Xie, 2009) 
  
WD Within Document portion of the project 
  
Wifi Term used in advertising any wireless local area network 
capable device based on the IEEE 802.11 standard 
  
WIMP Elements of the user interface that denote a style of 
interaction “windows, icons, menus, pointer” 
  
 
 
1 Introduction and Background 
While mobile devices and desktop systems are ubiquitous, a new class of tablet-
sized computing devices has emerged like the Apple iPad.  Despite the growing number 
of devices of different screen size and interaction technique, little is known about the 
degree to which a commensurate experience for a given task can be accomplished on all 
three of these classes of display devices (mobile, tablet and desktop system).  Previous 
studies have indicated that small screen size is a significant impediment in task 
execution.  To some extent, recent improvements in interaction technique (direct 
manipulation including multi-touch and gestures) can help overcome this.  Comparisons 
of similar tasks across these three platforms to elicit the degree to which task 
performance is the same or different and why, are important. 
The majority of mobile device users are still largely using them for voice 
communication, text messaging and personal information management but smartphone 
use for web browsing and information search is increasing (Keinänen, 2011).  The 
fastest growing sector of the mobile industry, smartphone users are trying more and 
more to perform tasks that they typically do at the desktop (Kamvar, Kellar, Patel and 
Xu, 2009).  New smartphone designs involving larger, high resolution displays combined 
with multi-touch interaction help make important strides in reducing the overall 
complexity introduced when interacting with the limited display size (Kamvar et al., 
2009, Church et al., 2008, Keinänen, 2011).  Information search, a fairly sophisticated 
task requiring good connection speeds, good input and output techniques and greater 
computing resources is among the most anticipated (and probably most attempted) type 
of desktop-centric work on the smartphone (Maurer et al., 2010).  
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As small form factor display devices become ubiquitous, specialized applications 
that leverage the resident featureset of these display devices have increased.  Although 
they offer sometimes significant improvements in usability, specialized applications can 
be associated with other types of usability ‘overhead’ like application and library 
management as well as novel interaction.  Browsers appear to still be an important 
choice, even for smartphone users, because they are consistent across platforms AND 
they leverage much of the resident featureset of each display device. They are 
increasingly end user customizable while at the same time they serve as standardized 
portals for serving up content.   
 The integration of these devices into the existing work patterns of users has 
altered the overall level of experience with them as users move quickly from novice to 
advanced and then expert use.  As a product of this shift, users are increasingly 
attempting to complete work related tasks using a variety of computing devices.  
System designers and content developers are taking myriad approaches to support 
movement across devices (Keinänen, 2011).  As demand increases, shifts in the 
software development arena and corresponding changes in content development are 
also occurring (Keinänen, 2011).  This can result in a specific application interface for 
each display device or a mobile-centric browser interface. Uniformly, access via the 
traditional browser interface(s) is becoming increasingly ‘acceptable.’ (Maurer, et al., 
2010) 
 While the desktop remains the gold standard for most tasks due to display size 
and interaction style, new display devices with touch interaction and high quality small 
(or smaller) displays make performing tasks typically relegated to the desktop 
achievable for the first time.  Coupled with improved processing speeds and shorter 
latency times, users are increasingly attempting to perform searching tasks similar to 
those done at the desktop on a variety of smaller form factor display devices, 
particularly smartphones.  In fact, this is considered to be one of the fastest growing 
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areas of computing development currently.  Much work has been done in the area of 
interaction techniques to compensate for small screen size on mobile devices.  Little 
research has been done to date comparing execution times for searching tasks across 
devices of differing display sizes and interaction techniques. 
1.1 Mobile Context 
Modeled after the desktop calculator, music players like the Sony Walkman 
introduced in 1979-80 made the music experience highly personal and private.  The 
advent of personal organizers like the Apple Newton (way ahead of its time in 1993) and 
the Palm Pilot (1996), took the notion of a pocket–sized paper-based organizer and 
calendar and made it digital.  Initially, the one big drawback to this was the lack of a 
connection to any network and some technical difficulty synchronizing data with the 
desktop.  Moreover, once the PDA existed, it was evident that the newly popularized 
cellular phone could easily be merged with a PDA to create a ‘converged device’.  
Though the first of these emerged in 1992 (IBM Simon), their success in US markets 
came with the introduction of the Handspring Treo in 2002 which merged the popular 
Palm OS features, phone features and a full keyboard with wireless web browsing. 
Just prior to the launch of the Handspring Treo was that of the first Apple iPod 
device in 2001.   These thumbwheel driven music devices quickly morphed into full 
fledged multimedia devices facilitating listening to music, watching videos, and 
managing related collections. The ‘personal’ nature of these devices and their novel 
interaction style made them extremely popular and set a new precedent for ease of use.  
Soon after came the launch of a converged smartphone and multimedia player with a 
new fundamental interaction style—multi-touch.  Enter the iPhone (and iPod Touch), the 
first device to attempt to blend personal multimedia capabilities with a sophisticated 
mobile phone and all of the features of a PDA, in a sleek package with a mostly smooth 
and intuitive interaction style.   
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“Mobile cellular has been the most rapidly adopted technology in history. Today it 
is the most popular and widespread personal technology on the planet, with an 
estimated 4.6 billion subscriptions globally by the end of 2009.” (International 
Telecommunications Union (ITU) Measuring the Information Society (MIS) Executive 
Summary, 2010, pg. 1)  In this information age, the typical consumer is regularly 
overwhelmed with options for hardware, software and peripherals.  The number of 
available types of mobile devices alone has climbed into the thousands in the US with 
wide ranges in capability, features, interaction device and style, display size, 
communications options and form factor. Why then, do these devices not adhere to 
some basic standards for operation, use and evaluation? 
In 2009, a report from the Interactive Data Corporation indicated that the 
number of people accessing the internet by 2013 will reach 2.2 billion compared with 1.6 
billion (24% of Earth’s total population at the time) in 2009 (IDC, 2009). The mode of 
access, traditionally through desktop or laptop computers, however, is changing. 
According to the same report, “over 450 million users sought access to the Internet 
through mobile devices this year”, the article also asserts that 1 billion mobile devices 
will be used to access the internet by 2013 (IDC, 2009). 
According to a recent Pew Internet and American Life survey (2009), of the 83% 
of US adults with cellphones, 35% have accessed the internet via their phone. The same 
survey indicated that 32% of Americans have used a mobile phone to access the 
internet and nearly one fifth of Americans use the internet on a mobile device on a 
typical day.  In addition to internet use, the mobile phone is also eclipsing the number of 
landlines in use in some areas, particularly those where land line infrastructure is poor 
or nonexistent (ITU, 2010). In the US, a recent CDC study by Blumberg and Luke 
(2008) indicated that more than one in five American homes had only a wireless phone 
in 2008. The trend towards reliance on wireless is particularly evident among 18-24 
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year-olds where one in three lived among the wireless only households (Blumberg and 
Luke, 2008). 
The first of the cellular networks emerged in the late 1970s and they have 
continued to rapidly evolve from analog (1G) to digital (2G) to wideband mobile (3G) 
and, recently, broadband mobile (4G) has emerged.  The current expectation is that 4G 
will offer ‘anytime, anywhere’ access for voice, data and multimedia.  Carriers launched 
4G networks in 2011.  Figure 1—1 from Sharma (2009) helps demonstrate how wireline 
and mobile technologies have developed and may be developing. 
 
Figure 1-1. Broadband penetration and traffic for Wireline and Mobile data networks in 
the US (1996-2013). Reprinted from Chetan Sharma Consulting. Copyright 2009 by 
Chetan Sharma Consulting. Reprinted with permission. 
The first mobile phone was used to place a call in 1973 and since the late 1990s, 
they have been in widespread use even reaching (and exploding in) the bottom of the 
economic pyramid, penetrating markets in sub-Saharan Africa and India starting in 
2004. Western Europe (e.g. Nokia in Finland) continues to pioneer modern cell phone 
use and design but the largest growth in use of mobile devices has occurred in Asia and 
Africa where growth rates are exponential.  Many low resource countries are literally 
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skipping landline phone technology with the development of mobile phone infrastructure, 
bringing voice communication to places that have not had ready access as well as 
internet access, albeit unreliably and without any training or prior exposure. 
In the late 1990’s mobile phones grew small enough to carry in a pocket.  In the 
early 2000’s the PDA or personal digital assistant, a non-networked, non-communication 
ready device was introduced.  As the decade wore on, the Smartphone was introduced—
a converged device which offered both the computing power of a PDA and the 
communications capability of a mobile phone.  The earliest of these were clunky 
(weight/size), tied to a given operating system (Palm OS) and offered novel (stylus) and 
often limited styles of interaction (keypad).  Today there are thousands of mobile 
devices available for use ranging from traditional, communications-oriented cell phones 
to feature phones and smartphones, multimedia players, gaming devices, etc. 
It may be hard to overstate the advantages mobile devices have afforded the 
typical individual since they first became available.  Initially used primarily for 
emergency purposes, use has grown to a point where an increasing number of 
households maintain only a mobile phone for household use and no longer have a 
landline at all.  Remote areas of the globe, where infrastructure for water/sewer and 
transportation alone have not been built out much less for telephone and electricity, can 
utilize mobile devices with longer battery life and cellular towers and practically leap 
beyond these infrastructure hurdles.  If information access for all is the goal, mobile 
devices have done more toward achieving this than any other technology to date. 
While the majority of mobile device users may be convinced about their virtue 
and remain steadfastly optimistic about the improvements they represent, there is a 
growing concern about their addictive nature.  Instant access to information and 
communications options also means an increase in distraction and perhaps an inability to 
focus (Wobbrock, 2006; Holleis, Otto, Hussmann, and Schmidt, 2007; Chittaro, 2006; 
Roto, 2006; Arter, Buchanan and Jones & Harper, 2007; Chittaro & dal Cin, 2001).  In 
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addition, these ‘wearable’ devices may also pose an electromagnetic radiation exposure 
risk in those who use them for long periods of time (Moulder, Foster, Erdreich, & 
McNamee 2005).  If indeed these devices and the ubiquitous electronic access (Mahler 
and Weber, 2008) they represent is here to stay, these problems and more will need to 
be addressed. 
1.1.1 Comparative Studies 
 As a result of trends in the use of technology, in recent years, research on 
computing devices has evolved toward an increased focus on mobile devices and 
environments.  While early studies focused on issues of adoption and usability, more 
recently studies have been emerging that attempt to address direct comparisons of 
specific features between or across a variety of devices.   
 Many comparison studies look at the advantages and/or disadvantages of using 
mobile devices versus a technology used prior (often paper and pen), of the utility of 
one device versus another or at adoption and ease of use.  Some studies look at specific 
software comparisons or task comparisons, others at just a single function of the devices 
(display for example).  Fewer studies look carefully at advantages mobile devices may 
have over other computing methods or at notions of equivalence beyond mobility.  This 
is largely due to the fact that, until recently, more factors than display size and 
interaction style were still central problems with mobile devices.  While some issues like 
battery life and software availability have improved significantly, issues with network 
availability and processing speed remain, especially for more sophisticated tasks.  
Context, a crucial element of mobile technologies, is a great challenge to research and 
evaluation and existing theoretical frameworks are often thought to be inadequate or at 
least in need of modification(s) to fully address this. 
Device variation has remained a significant challenge to software developers and 
many device comparison studies are aimed at reducing this design burden.  
Buranatrived and Vickers (2004) examined a similar software application on devices with 
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differing interaction styles and concluded that writing an application once (J2ME) and 
executing it on different platforms was achievable but that this may inherently be at a 
cost to usability.  Chae and Kim (2003) describe an important relationship between 
small display size and horizontal depth when designing for small form factor devices.  
Moreover, their work helps identify significant differences in the perception of users of 
very small display devices where the cost of navigation is very high versus displays 
which facilitated fewer than four horizontal depths of navigation.  Chan, Lam, Fang, 
Brzezinski, Zhou, and Xu (2002) compared a wireless application protocol (WAP) 
browser, a Palm PDA browser and a PocketPC PDA browser in the usability of 10 wireless 
sites and found that designing for both the novice and experienced user was important, 
and that flattened sites which emulate that of a desktop system were more easily 
navigable.  Since this early study, many of these issues have been aggressively 
addressed by software developers.  
Domain or task specific comparisons, while more replete in the literature, suffer 
from a lack of generalizability.  Clegg, Bruciatelli, Domingos, and Jones (2006) 
conducted an interesting study of digital geological mapping using a Global Positioning 
System (GPS) on a PDA versus a TabletPC.  While PDAs proved convenient for remote 
mapping, the TabletPC outperformed the PDA in most tasks.  Small display and limited 
processing power were considered to be the significant inhibiting factors.   
Curran, Woods and Riordan (2004) conducted a helpful investigation of text input 
using mobile phones.  Their work drives home a significant point in [at least] mobile 
technology evolution: that usability often takes a back seat to aesthetics and designers 
often sacrifice function for forms which seem more appealing.  In addition to this, the 
study highlights the speed versus accuracy tradeoff associated with text input and 
suggests that text input on devices be tailored to the task at hand and its relevant 
demand on speed or accuracy.  In more recent years, designers and developers have 
worked hard to understand the task dependency issue with text input and to look at 
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alternative ways of achieving desirable levels of speed and accuracy without regard to 
task.  
Schulz (2007) outlines an important area of study, how well the predictive 
models of traditional desktop systems apply to the use of mobile devices.  In his 
dissertation work, Schulz (2008) created and investigated the use of KLM-Qt, a software 
application designed to facilitate recording of Keystroke Level Model (KLM, see List of 
Abbreviations and Terms for more details) operators ‘derived from events that are 
delivered to an interface’ (Schulz, 2008 p. 4).  The second part of the study used the 
software to do a comparative study of three different devices, a Greenphone (keypad 
based), an iPhone and a Neo1973 (both touchscreen based).  KLM Qt and hand 
generated KLM results from a series of 15 routine tasks ranging from creating a new 
address book entry to adding a meeting date/time were compared across the three 
devices.  It was not possible to run KLM Qt on the iPhone so these models were 
generated by hand.  The Neo1973, like the iPhone, employs a touchscreen so a new 
input operator called ‘I’ was added to the KLM model to handle text composition and 
‘commitment’.  No multi-touch gestures were used or studied in this work. Findings 
suggested that KLM is useful in predicting interaction times on mobile devices, though 
some question remained about the accuracy of the model for all types of interaction 
mobile devices typically facilitate. 
A recent study by Holleis et al. (2007) pinpoints an area of particular concern to 
this work, and that is of the applicability of traditional desktop models of interaction for 
quality assessment of mobile technologies.  While their work finds many reasonable 
areas of application, it also identifies areas where improvements to these models could 
be made to more appropriately describe new sophisticated interactions with mobile 
technologies. The improvements are outlined as extensions to the GOMS KLM operators 
and the authors suggest that they apply even to more state of the art mobile devices.   
10 
 
Another important point drawn from this research regards the notion of the 
expert.  In this study and others, an expert can be cultivated but it can be more difficult 
to retrain an expert.  This is a significant barrier to making the transition from one 
device type to another.  While many differences exist between devices, the similarities 
are important and may be suggestive of a trend toward ‘replacement use’ (of the 
desktop system) becoming increasingly plausible.  There may also be an underlying 
‘best in class’ set of features or device characteristics which reduce the burden of 
usability thereby increasing uptake for more sophisticated use(s). 
The work of Kamvar, Kellar, Patel and Xu (2009) reinforces the notion that, for 
higher-end phones, what the user already knows about human computer interaction in 
terms of personalization and feature set in the desktop system can be leveraged to 
promote commensurate use of mobile devices.  Their work also suggests that no single 
search interface is appropriate for the range of mobile phones available.  The results of 
this work indicate that iPhone query formation is nearly similar to computer based query 
formation and that only a small percentage of these searches are locally oriented, that is 
specific to a geographic area, refuting the notion that mobile searching is largely locally 
based.  Another important finding is that the ‘tail’, a measure of diversity in query 
formation, is longer among iPhone users than traditional mobile phone users and is 
increasingly comparable to computer based users among whom the ‘tail’ is the longest. 
The most interesting result in this work suggested that iPhone users, because of 
improvements in browser capability, connection speeds, display size and resolution and 
interaction style, typically have more diverse information needs than those of computer 
based users.  All of this is suggestive of the assertion that higher-end mobile devices like 
the iPhone will increasingly extend their range of applications, and further overlap types 
of activities, like search tasks, that have traditionally been limited to desktop computer 
use. 
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Qiao, Feng and Zhu (2008) take an important approach in surveying existing 
research into interface design differences between desktop systems and mobile systems 
with particular emphasis on ways to improve the mobile user interface for web search.  
In particular, they examine leading display and serial display of query results taking into 
account optimal display speed and jump length for the human user.  They found that 
providing the ability to pause, continue or stop functions, to allow fast page turning and 
the option of enlarging what is being displayed are important elements of design for 
mobile browsing. 
Silvey, Macri, Lee and Lobach (2005) conducted a comparison study between a 
Palm PDA and a Windows TabletPC of the same clinical observation software for eye 
care.  They used both focus groups and usability surveys to determine user preferences 
with specific regard to care setting. Their findings suggested that the TabletPC was 
preferred over the PDA and that display size was the most significant limitation of the 
PDA.  Cost and weight were limitations of the TabletPC.  While the researchers made 
every effort to create ‘functionally identical’ applications for both environments, the 
environments themselves may be so inherently different that this was itself a major 
factor.  For example, the authors mention that on average a single screen of data on the 
TabletPC may be broken down into five screens on the PDA. 
An interesting study by Toomey, Ryan, McEntee, Evanoff, Chakraborty, McNulty, 
Manning, Thomas and Brennan (2010) focuses on a comparison of monitors for 
emergency radiologic readings of brain CT slices and wrist radiographs.  The Dell Axim 
PDA, the Apple iPod Touch and a secondary-class monitor (first-class being a clinical 
workstation) were compared.  Findings suggest that both the PDA and the iPod Touch 
performed at least as well as the secondary-class monitor and that the PDA performed 
better than the monitor on some of the brain images, a statistically significant finding. 
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1.1.2 Important characteristics 
There is a tension between what constitutes real innovation in HCI and what is 
more aptly described as innovation on a theme.  Bill Buxton (2008b) describes this 
tension very succinctly by saying that technology innovations are simultaneously like a 
rocket and a glacier.  The faster work, he argues, is more like variations on a theme to 
reduce cost and the slower technologies, while they may be truly innovative, take so 
much time to test and prepare for adoption that their ‘novelty’ has worn off by the time 
they are readily available. 
Indeed, the critical innovations in mobile device design have yet to be made.  
While the concept of mobile devices is now no longer novel, the variations on a theme 
that exist in the market today do little to broach the incredible distance between user 
and device.  The comparative studies outlined above draw our attention to the two 
remaining central issues with increased use of mobile devices: their display size and 
interaction style. These comparisons highlight a lack of strong evidence to help guide the 
use of specific devices in specific settings as well as the selection of the right device for a 
given task.  As developers strive to add features which bring value to the user, devices 
become increasingly complex in their design and operation.  This is often mistaken for 
improvements in functionality which few users really derive benefit from.  On the other 
end, designers are also keenly aware that users derive significant benefits from efforts 
made to utilize HCI elements with which a broad user base is already familiar, like the 
keyboard and mouse.   
The introduction of the iPhone and, more recently, the iPad represented two 
significant shifts in user centered design where mobile devices are concerned.  One was 
the marriage of several key elements of daily human life:  communications, personal 
information management and entertainment, bundled in a way in which users were 
already somewhat familiar.  The other was multi-touch for the masses on a midsize 
display which was perhaps imperfect but still a significant step in the right direction. 
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1.1.3 This approach 
We are reaching a critical point where the core capabilities of small scale devices 
have increased (battery life, usability, processing speed, network redundancy and 
availability and display quality), barriers to adoption have all but vanished and, unlike 
previously thought, use of these devices appears to be less and less task dependent.  
Many well tested evaluation methods have been used to analyze the usability of desktop 
computing systems though these same approaches have only just begun to be used in 
the study of mobile devices.  As users migrate across devices and balance access with 
efficiency, it is imperative that we begin to understand and quantify the ways in which 
mobile devices perform in a manner commensurate with that of a traditional desktop or 
laptop system. 
1.2 Display Size 
Since the advent of the personal computer, the display has been a relatively fixed 
element of human computer interaction. Several key factors have played a role in 
display development over time:  technological advancements (e.g. CRT versus LCD; 
black and white versus color), cost (miniature versus large scale) and human visual 
capabilities/limitations (visual acuity & cognition; mobility & distraction; field of view). 
As the central means of interaction in terms of computing output, displays have been 
invaluable.  With beginnings stemming from a variety of different realms, the display 
has been refined significantly over time but the basic form and interaction remain largely 
the same.  Moreover, as the central form of computing interaction output, the display 
remains central despite changes in setting, form factor and mobility in recent years. 
Though the size, type and feature set (color, etc.) of displays has changed, the mode 
itself has not.  Due primarily to changes in the cost of the underlying technology (LCD, 
CRT, plasma, etc.) and subsequent advancements in size (both larger and smaller), 
displays run the gamut in size, type and functionality. 
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One significant development has been the miniaturization of the display.  Initially, 
small displays were very simple like early televisions; but with technological 
improvements, the field has grown unwieldy in terms of display options.  Though devices 
with nearly every possible size of display exist in the computing arena, some small 
displays are beginning to approximate the quality of more traditional desktop and laptop 
displays.  Display variations for use in cell phones, PDAs and smartphones, have grown 
most significantly in recent years and soon we can expect to see them employed in a 
wide variety of wearable devices (watches, etc.).  This shift has occurred in large part 
because of a need to ‘go wireless’ or become no longer tethered to the desktop.   
There are a number of elements which comprise the effectiveness of a given 
display.  Table 1—1 outlines key components of evaluating displays and how they are 
manifest in current practical application:
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Table 1-1. Display Comparison Matrix. 
Performance 
Measurement 
Apple 30” Cinema 
Display 
 
 
17” Display 
Dell E178FP 
 
iPad Tablet 
 
 
 
Apple iPod Touch 
 
 
 
Size: typically measured 
on the diagonal but also in 
maximum width and 
height 
29.7” 
21.3 x 27.2 x 8.46 in  
 
 
15 x 14.8 x 5.5 
9.7” 
9.56 x 7.47 x .5 in 
3.5” 
4.3 x 2.4 x 0.33 in 
Type TFT-LED LCD display / TFT 
active matrix 
LED-Backlit IPS 
Display 
LCD 
color transflective TFT 
display 
Support Multi-touch No No Yes Yes 
Aspect ratio: ratio of 
width/height, typically 4:3 
4:3, 16:9 5:4  4:3 2 (horiz) 
3 (vert) 
Field of view: extent of 
observable area 
55 Not indicated Not indicated Not indicated 
Resolution:  in pixels or 
dpi? 
2560 x 1600 1280 x 1024 / 75 Hz 1024-by-768-pixel 
resolution at 132 
pixels per inch (ppi) 
320 × 480 pixel 
resolution at 163 
pixels per inch (ppi) 
Dot pitch or pixel pitch 
ratio: distance between 
pixels of the same color, 
the smaller the better 
.250 mm .264mm 132 pixels/inch 164.6 pixels/inch 
(0.15428 
millimetre/pixel) 
Color range 16.7 million 24-bit (16.7 million 
colors) 
Not indicated 262,144-color 
Refresh rate: # times in a 
second that a display is 
illuminated (max by 
response time) 
60 Hz Max Sync Rate (V x 
H): 76 Hz x 81 kHz 
60 Hz 2.5 Mbps, 30 frames 
per second 
Response time: time for a 
pixel to go from black 
16 Ms 5 Ms Not indicated Not indicated 
  
 
16 
(active) to white (inactive) 
Performance 
Measurement 
Apple 30” Cinema 
Display 
 
 
17” Display 
Dell E178FP 
 
iPad Tablet 
 
 
 
Apple iPod Touch 
 
 
 
Contrast ratio: luminosity 
of brightest color (white) 
to darkest color (black) 
700:1 800:1 Not indicated Not indicated 
Luminance (measurable 
amount of light per given 
area) 
115 cd/m2 300 cd/m2 Not indicated Not indicated 
Brightness (perceived 
amount of light dim, 
bright, very bright given 
certain conditions) 
400 cd/m2 300 cd/m2 Variable (responds 
to sensors) and 
adjustable 
Variable (responds to 
sensors) and 
adjustable 
Power consumption: watts 150W max on 40W on, 2W standby Up to 10 hrs when 
fully charged 
Up to 6 hrs when fully 
charged 
Viewing angle: max angle 
at which images on display 
can be viewed in degrees 
178 (horizontal) 178 
(vertical) 
160 (horizontal) 
160 (vertical) 
178 Not indicated 
Weight: dependent upon 
technology used (CRT 
much heavier than LCD) 
27.5 lbs 10.1 lbs 1.5 – 1.6 lbs 4.05 ounces 
Viewing distance 24” 24” 16” 12” 
Cost: dependent upon 
technology being used 
$1799 $140 $499 $199 
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1.2.1 Factors:  Resolution, Visual Acuity, and Field of View 
It has long been thought that the most important factor in display quality was 
resolution.  Early displays were riddled with communications issues like static, 
interference and signal interruption.  The cathode ray tube is now known more for its 
sheer size and weight than for anything else.  As technologies have changed, display 
profiles have trimmed and optimal resolution has become a moving target.  LCD and 
plasma displays now tout incredible resolutions but each come with tradeoffs in 
achieving this.  More and more we move into the realm of emulating reality (and 
beyond) through displays and the advent of three dimensional display technologies is 
upon us. 
But how much does resolution really matter?  What about luminance, aspect 
ratio, brightness, contrast ratio, viewing angle, refresh rate and response time?  Are 
there minimum standards which should apply to the manufacture of all displays?  
Beyond readability and accurate representation are notions like immersion and 
presence.  Some researchers suggest that displays have evolved beyond the limits of 
human visual acuity (Raghunath, Narayanaswami, & Pinhanez, 2003). Others suggest 
that resolution and visual acuity do not matter as much as field of view for quality of 
experience and degree of immersion (Lin, Duh, Parker, Abi-Rached, and Furness, 2002).  
In the field of virtual reality, it could be argued that feelings of immersion are linked to 
interactivity (Hwang et al., 2006) 
According to Raghunath et al. (2003), “Given that even people with perfect vision 
cannot resolve details smaller than one minute of visual-arc angle, increasing display 
resolution beyond that point does not contribute significantly to improvements in the 
amount of information shown” (p. 60).  With the advent of the iPhone 4 and the ’Retina 
Display’ (http://www.apple.com/iphone/features/retina-display.html), even mobile 
devices with their very small display sizes, are claiming to have maximized human 
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viewing capacity (at least for a certain viewing distance) by packing more pixels per inch 
(ppi, 326 for 4G and 130 for 3G).  An improvement in the viewing angle and increase 
the contrast ratio are also enhancements in iPhone 4 display capabilities.  In Table 1-2, 
the relative resolution of a variety of display devices is presented along with the 
maximum possible display resolution according to human limitations.   
Table 1-2. Current and maximum possible display resolution according to human 
limitations. Reprinted from “Fostering a Symbiotic Handheld Environment,” Raghunath, 
M., Narayanaswami, C., & Pinhanez, C.  (2003). Copyright 2003 by Computer. Reprinted 
with permission. 
 
 
Deering (1998) adds that a typical CRT is as immersive (in terms of resolution 
and FOV) as a head mounted display device.  Note that the optimal FOV for the human 
eye as noted in the table can be ‘saturated’ by some of the visual configurations 
currently being produced.  As Deering states, due to advancements in visualization 
technologies, particularly as 3D graphics, frame rates and resolution improve, “The 
ultimate limits of human visual perception must now be included in hardware trade-offs” 
(Deering, 1998, p.1). 
In his Information Visualization (2000) text, Ware asserts that a 4000 x 4000 
display (16 million pixels of a standard display size and distance to surface) should be 
adequate for any visual task based on the “resolving power of the human retina in each 
direction” (p.63).  In a recent study by Yost, Haciahmetoglu, and North (2007), there is 
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strong evidence that large displays with increased amounts of visual information do not 
reduce accuracy and potentially improve it for certain types of tasks, while in some 
cases causing increases (3x) in task completion times. 
Display size is closely related to the interaction techniques provided for spatial 
navigation.  If the display size is too small, additional navigation (pan and zoom) is 
required by the user.  Better techniques for panning (finger drag) and zooming 
(pinch/expand) allow smaller displays to function closer to the performance of big 
displays, while poorer interfaces cause more of a difference (Hemminger, 1992). 
Hemminger (1992) demonstrates that interaction styles may vary in insufficient 
and sufficient display size situations.  Mental model selection for these two conditions 
can be critical to reducing cognitive overhead.  For example, the ‘filmstrip’ style of 
interaction, moving images across the screen horizontally, may be appropriate when 
there is sufficient display size for the task; no navigational overview is needed.  When 
the display size is insufficient, being able to zoom in and out of the image for greater 
detail or overview is a more successful method of interaction requiring minimal cognitive 
load.  In addition to this, certain tasks may require specialized settings to optimize 
viewing using a given display. 
Along with interest in larger displays, significant emphasis in recent years has 
been placed on small displays and their strengths and weaknesses.  Despite heralding 
the convenience of mobile devices, the fact that they fit in the palm of the hand, are 
easy to carry and weigh very little, a tension remains between their reliance on battery 
power and their single biggest consumer of power, the display (Capin, Pulli, and 
Akenine-Moeller, 2008).  Because of their portability, they can be used in a variety of 
contexts with variable lighting conditions which only adds complexity to the challenges 
associated with using them.   
Displays are notorious for being the primary consumer of power in a computing 
system.  Like desktop systems, early mobile phones were large pieces of equipment that 
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required a constant connection to power.  When they moved off of the desktop into the 
car, they were still very cumbersome. With the confluence of the analog (1G) cellular 
phone system, small display technology for consumer electronics and improvements in 
battery technologies, a truly mobile Motorola prototype phone was demonstrated in 
1973.  Early mobile phones were modeled on the typical keypad of a telephone and 
incorporated a very small display with a huge integrated battery.  These early devices 
though not very ergonomic, provided the first opportunity for consumers to send and 
receive calls without wires.   
1.2.2 Comparative Studies 
Some of the most interesting work looking at comparisons between large and 
small displays is taking place in medicine.  Beard, Hemminger, Perry, Mauro, Muller, 
Warshauer, … Zito A. J. (1993) compared radiologists’ review of images on a display 
versus that of a conventional horizontal film alternator. Findings suggested that the 
computer workstation with a 2048 x 2560 pixel high-brightness monitor provided a 
clinical equivalent to the film alternator for reading chest CTs.  Further work established 
that two 1024x1024 displays could perform as well for specific radiological reading tasks 
(Beard, Brown, Hemminger, and Misra, 1991).   Though visualization of radiologic 
images using mobile devices is an interesting area of research, display size limitations 
have inhibited progress.  In Toomey et al. (2010), it is apparent that, for certain types 
of radiologic imaging tasks, a mobile device may perform adequately. Similarly, even for 
data intensive applications like GIS mapping, mobile devices may perform as well as 
other devices for certain types of tasks, and may provide added mobility for others 
(Clegg et al., 2006).   
Early work done by Jones et al. (1999) identified that, in order to achieve a 
similar experience web browsing on a device with a much smaller display, navigation 
elements would need to change as well as interaction modality.  This need only 
increases with task complexity.  Though Capin et al. (2008) point out that mobile device 
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limitations and their resulting displays and graphics are still limited by power supply, 
computational power, physical display size and input modalities, only physical display 
size and input modalities are expected to remain challenging in the years ahead. 
As the cost of very large, very high resolution displays drops, their use increases. 
Research into productivity benefits from the increased display area is ongoing 
(Czerwinski, Smith, Regan, Meyers , & Starkweather, 2003).  At the same time research 
into alternative display forms such as electronic paper are also being investigated 
(Rogers et al., 2001).  Meanwhile, mobile device display technology innovates on the 
theme of multi-touch devices with a wide variety of offerings which use differing 
technologies to improve the sensitivity and tactile feedback of these displays 
(Moscovich, 2007; Elezovic, 2008). 
1.2.3 Presentation 
In addition to these elements of display quality are also elements related to 
presentation on a given display.  Many techniques have been employed to overcome the 
problem of lack of space when using devices with small displays.  The following elements 
become central to usability concerns as display size gets smaller: 
• Presentation: what is presented and what isn’t (e.g. peephole displays, ‘halo’ 
etc.) and how 
• Text/Reading: line length, text splitting, guided scrolling, RSVP, etc. 
• Interaction: methods users use to interact with the system 
• Navigation: features added to improve movement within and among visual 
elements 
• Design: use of color, shape and layering to improve intuitive interaction with 
perceptual layers  
Early work focusing on display size looked at text presentation.  Still there is a 
great deal of effort going into how people read text and how best to present it on a 
display.  From testing text presentation on paper versus that on a display to line length 
(Bernard, Fernandez and Hull, 2002) and the use of Rapid Serial Visual Presentation 
(RSVP) (Bernard, Chaparro and Russell, 2000) and beyond, HCI  and cognition 
researchers have made significant contributions to understanding what makes a 
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readable display.  The heterogeneity of display sizes alone has made ways in which to 
interface with them more challenging. 
Perhaps the real challenge/opportunity comes in the area of image manipulation.  
A great deal of work has been done on digital displays and image quality in the medical 
arena and in viewing radiologic images in particular.  In Hemminger, Bauers and Yang 
(2008), emphasis was placed on comparing navigation techniques for large digital 
images. Five interaction styles were investigated: scroll bar, mag lens, pointer, arrow 
key and sectional.  They found that the pointer interaction was preferred over all others 
and was described by subjects as being most intuitive and ‘mimicked net searching.’  In 
studies of 3D models and medical images, and their rendering on mobile devices, a 
central question revolves around the detail required for the task at hand, and, 
presumably, for the task ‘in the field.’ 
Lots of work is being done to investigate support of remote health care work and 
particularly the transmission of high quality radiologic information (Andrade, 
Wangenheim and Bortoluzzi, 2003). This focus on data transmission and/or manipulation 
(Tang, Law, Lee and Chan, 2004) of image information rather than of visualization has 
met with some success (Correa, Ishikani, Ziviani, and Faria, 2008; Toomey et al., 
2010).  Perhaps more interesting is work involving diagnostic algorithms to support the 
data collection process in the field and to enhance the medical process by reducing time 
required for transmission and interpretation (Correa et al., 2008). 
There have been many different approaches to handling large image navigation 
issues in the desktop environment.  This is even more of a factor among mobile devices.  
Early work done by Yee (2003) on Peephole displays demonstrated an approach that 
would allow the user to view the context of the information space in an offset 
superimposed image while at the same time taking action in the main display window.  
Study findings yielded significant improvements in one-handed tasks using the Peephole 
display. 
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Baudisch and Rosenholtz (2003) introduced their ‘Halo’ concept which helps the 
user infer the locations of off screen objects with portions of onscreen ‘rings’ (visual 
references to off screen objects), thereby increasing the visual spatial range of a small 
display.  For users of mobile devices, one of the biggest issues with context is display 
size.  Because large images, maps, web pages, etc. are viewable using small screens 
and restructuring the information space is not always an option, a great deal of work has 
gone into optimizing interaction for viewing and interacting with them.   
Jones, Jones, Marsden, Patel & Cockburn (2005) investigated speed-dependent 
automatic zooming (SDAZ), which combines panning and zooming into a single 
operation, on small displays.  Recommended for improved navigation of large images on 
desktop systems, SDAZ was presumed to also be effective with small display devices.  
Their results suggest that, despite requiring fewer actions, use of SDAZ was not faster 
than using the standard interaction for tasks and that target acquisition was not more 
accurate.  Subjects performed better on map tasks using SDAZ than on document tasks.   
Chittaro (2008) conducted an experiment comparing three techniques for 
navigating large information spaces (maps, webpages).  They compared the use of a 
DoubleScrollbar (standard combination of two scrollbars for separate horizontal and 
vertical scrolling with zoom buttons to change the scale of the information space), 
Grab&Drag (which enables users to navigate directly, dragging the currently displayed 
portion of the information space with zooming handled through a slider control) and 
Zoom-Enhanced Navigator (ZEN, which is an extension and adaptation to mobile screens 
of Overview&Detail approaches, which are based on displaying an overview of the 
information space together with a detail view of a portion of that space).  Their findings 
suggest that factors like interactive update, sequential versus non-sequential navigation, 
navigation parameters, orientation cues, and user workload all play an important role in 
selection and preference of navigation techniques. 
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In his work on mobile visualization design, Chittaro (2006) suggests the following 
six steps when creating visualization designs for the mobile environment:  mapping, 
selection, presentation, interactivity, human factors and evaluation.  Chittaro also 
suggests that the traditional desktop solutions to presentation problems, 
overview+detail and focus+context, do not work in mobile environments. Instead, 
references to off screen information and more intuitive navigation techniques are 
required. Sensors that provide context or physiological awareness integrated into 
devices, particularly mobile devices, can provide enhanced information access that may 
supplement what is not achievable in a small sized display (Chittaro, 2008).   
Another important newer area of research is that of immersive or virtual reality 
environments.  What is significant in these environments is a change on the level of 
interaction which enhances the interface between computing device and human being.  
Hwang, Joong and Kim (2006) conducted a study comparing perceived field of view 
among a variety of display sizes with sense of immersion and presence.  Their findings, 
shown in Figure 1—2, suggest that, given a level of interaction with the device that 
involves motion, the perceived field of view with a small (handheld) device was much 
greater (50%) than actual. 
 
Figure 1-2. Perceived FOV (marked by subjects). Left is the perceived and right is the 
actual. Reprinted from “Hand-held Virtual Reality: A Feasibility Study,” by Hwang, J., 
Jung, J., & Kim, G. J., (2006), VRST '06: Proc. ACM Symp. on Virtual Reality Software 
and Technol., pp. 356-363. Copyright 2006 ACM Press. Reprinted with permission. 
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1.2.4 Display Size and Search 
Display size plays an important role in user experience when performing a 
search.  A great deal of work is underway to find ways to improve the searching 
experience on mobile devices.  Due to small size, there is an inextricable relationship 
between the interaction modality of a mobile device and its display.  Many device 
manufacturers have tried to overcome this hurdle with specialized buttons, tailored 
browsers, and a variety of other tools including motion tracking.   
Chae and Kim (2004) studied the important relationship between display size, 
task complexity and information structure.  Their findings supported earlier work 
suggesting that the horizontal depth of information structures was a key element in the 
perception of task complexity.  The specific challenges inherent with small displays for 
search are also being investigated.  From visual snippets (Teevan, Cutrell, Fisher, 
Drucker, Ramos, Andre & Hu, 2009) to keyphrases as surrogates (Jones, Jones, and 
Deo, 2004), the problem of reviewing and prioritizing search results efficiently is a 
critical element of search success.  
More than this is the issue of marking up content, improving software 
applications and tailoring user experiences to a specific device.  Layers are being created 
at every level of development. Low-level interaction devices still vary widely from the 
use of a fingertip to a stylus to voice recognition. Operating systems vary; MacOS has 
hooks for multi-touch interaction that Windows has yet to employ. Software applications 
may exist in a variety of formats for specialized use on different devices from iPhone to 
Android to Symbian and PalmOS, etc.  Web browsers specific for the device may 
interpret content with lists or navigation elements to improve user experience on very 
small displays. Content providers may ‘sniff out’ the device accessing a portal and serve 
up ‘mobile’ content designed for small screen interaction.  Even content designers work 
to lay out and mark up their content in such a way as to provide the best experience 
possible, sometimes duplicating efforts to try and provide more comprehensive access. 
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To the user, sometimes these are real and vast improvements in user experience 
of a given website.  It may take half the time to browse for a product given smaller load 
times for images, and improved navigation elements.  In many instances, it can mean 
relearning the layout of an otherwise familiar ‘full site or classic site’.  For the mobile 
user, it can mean truncated menus, lack of facets, and awkward views of otherwise 
familiar content. 
Site owners are drowning in an effort to give their customers options, trying to 
uncover ways to provide more and better support without increasing the cost to build 
and maintain the technology they need.  In a study looking at J2ME cross platform 
deployment, Buranatrived and Vickers (2004) concluded that, while it may be possible 
to deploy to multiple platforms, taking individual interaction differences into account 
would improve usability. For the developer, this may mean writing an application three 
times/different ways or more to improve access for the audience(s).  To software 
engineers this may mean greater job security (more work) and a lot of reverse 
engineering.  For the content specialist, this means considering every possible way a 
person might access a site today and in the future and building in a lot of redundant 
ways to access the same information or similar information.   
Some publishers have already taken the leap in re-engineering their backend 
systems to help facilitate and manage content creation for multiple platforms.  Thomson 
in particular spent millions of dollars recreating their authoring and editing system in 
order to dynamically re-construct or construct documents on the fly. To do this, they 
had to distill discrete components of information, like drug pricing information which 
changes rapidly, and manage them independent of any given publication.  This allows 
them to update the price of a drug in one place and populate that change throughout 
their system, including any relevant publications which contain that information. 
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1.3 Information Presentation and Interactions 
In their 2009 article on Google search users of different devices, Kamvar et al. 
suggest that a close integration of mobile devices with the computer based interface 
would be beneficial to the end users because they treat these devices as an extension of 
their computer.  But bringing this in line with the constraints imposed by the small form 
factor of these devices has been challenging.  In their First Quarter 2010 report, Canalys 
noted that, for the first time, more touch screen smartphones were shipped than non-
touch screen smartphones.  It is no coincidence that touch screen technology has really 
hit the mass market in a mobile device, where its value in ease of operation may be felt 
the most.   
User interface designers, computer scientists and programmers are struggling to 
develop application solutions which cater to the plethora of technology devices in use 
today.  Though many of the so-called ‘converged devices’ or ‘smartphones’ are 
evaluated according to their feature set, few are ever used at the level of their real 
capability.  To many in the information science arena, burgeoning mobile device use has 
created a perfect storm of sorts: where the need for very natural, easy to use interfaces 
has finally won out over the traditional keyboard, mouse and display paradigm, and 
where the promise of access is actually realizable for the bottom billion, in places 
without running water and often without paved roads.  While it seems remarkable that 
these two things could coalesce, it seems very elemental that the three factors at work 
to produce this environment include a need for mobile solutions (ones that travel to or 
with the user), the ability to provide solutions anywhere, anytime through a wireless 
infrastructure, an interface that requires little to no training and/or prior exposure and 
voice communication as a central component (many in the bottom billion still have not 
benefited from literacy efforts). Add to this an infrastructure that quite literally touches 
the ground lightly and you have a recipe for real and global change through technology. 
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Still, end users are grappling with learning to use these technologies and their 
sometimes unique interfaces.  Inherent in the challenge of multiplatform user interface 
design is the dilemma of designing for dynamic characteristics like task expansion, 
experienced users, and specialized or tailored feature sets. In assessing impact and 
spearheading change, information scientists struggle to focus research efforts on a set of 
discretely analyzable consequential tasks.   
For decades now, the interaction paradigm has been focused on displays for 
output and the keyboard and mouse for input.  Development of the Apple NewtonOS 
began in 1987 and included handwriting recognition which was implemented poorly in 
the initial phases.  When the PDA products running NewtonOS hit the market, the 
problems had been improved.  Some herald the development of the Apple NewtonOS 
and the corresponding line of PDA products -- the Message Pad and eMate in the late 
1980s and early 1990s -- as the first big step toward mobile device computing with a 
new interaction paradigm.  However, it is now generally understood that the Apple 
Newton was way ahead of its time. 
When the uptake of mobile devices really took off in the early 2000s (with several 
starts and stops in the preceding years), the stylus was re-introduced with Graffiti 
(unistroke gestures) for the PalmPilot and met with some success.  Around that same 
time, the Apple iPod was released and the thumb wheel interaction became (and 
remains) popular.  After beginning with two way pagers, the RIM BlackBerry PDA was 
introduced and the ‘thumbing’ interaction took off.  Though not the first to integrate a 
small keyboard into a PDA device, RIM’s ‘always on’ or ‘push’ technology made these 
devices hugely popular in the business enterprise, enabling employees to ‘stay in touch.’ 
Today there are quite a number of keyboard variants from tilt keyboards to virtual 
keyboards with an almost equal assortment of sizes and layouts, most of which are 
variants of the QWERTY design based on early typewriter mechanical constraints.   
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Traditional input devices have included the keyboard, mouse, joystick or game 
controller, scanner, and a camera (still and video).  Output devices have largely been 
limited to a display and a printer.  All input devices include a sensor of some type to 
record movement, some method of providing feedback to the user about their 
movement, design features for ergonomic appeal, and interaction techniques that 
support the completion of a task (Hinckley, 2002).  Most mobile devices of today may 
include a keyboard, stylus and/or touchpad, a multi-touch screen/display, thumbwheel 
or scrollwheel, softkeys and buttons, microphone for voice recording, camera, and 
internal sensors for orientation (gyroscope), acceleration (accelerometer), proximity and 
ambient light.  Location based services (LBS) are also now integral to most mobile 
devices and can include GPS or assisted GPS, a digital compass, Wi-Fi, and cellular 
network assisted LBS.  Output devices for mobile include sound, display, and sometimes 
other integrated devices.   
In their 1993 article, Jacob, Leggett, Myers and Pausch describe an interaction 
device as any device used to interact with a computing system, an interaction technique 
as the ways in which a particular input/output device is used to perform a task (Foley, 
1990), and interaction style as any of the numerous ways the user can interact with the 
system.  In an effort to further refine interaction style, Sharp, Rogers and Preece and 
(2007) and Shneiderman, Plaisant, Cohen and Jacobs (2009) and Jacob et al. (1993) 
suggest that most styles fit into the following categories:  command language, natural 
language, form fill in, menu selection, direct manipulation, and virtual reality.   
Direct manipulation, popularized by the Apple Macintosh windows, icons, menus 
and pointers or WIMP interface, represented an important departure from the command 
line interfaces preceding this.  Ben Shneiderman (1983) expressed the important 
attributes of direct manipulation as follows: 
• An object that is of interest to the user should be continuously visible in the form 
of a graphical representation on the screen 
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• Operations on objects should involve physical actions (using a pointing device to 
manipulate the graphical representation) instead of commands with complex 
syntax 
• The actions that the user makes should be rapid, should offer incremental 
changes over the previous situation, and should be reversible 
• The effect of actions should immediately be visible, so that the user knows what 
has happened 
• There should be a modest set of commands doing everything that a novice 
might need, but it should be possible to expand these, gaining access to more 
functions as the user develops expertise. 
Though seemingly obvious now that GUIs are the norm, it is not always possible to 
conform to this list of attributes, particularly as device form factor gets smaller. 
Interaction devices can be direct (in sync with what is on the screen) or indirect 
(a representation) but occlusion of the field of view can be an issue with direct devices, 
an important concern with display-based multi-touch interactions.  Interaction with the 
mouse as a pointing device has proven to be quite robust and in many types of fine 
grain tasks, outperforms direct manipulation (Barnert, 2005).  In pointing tasks direct 
manipulation appears to consistently outperform (in both speed and accuracy) indirect 
manipulation (Kin, Agrwala & DeRose, 2009).  Another factor in the indirect versus 
direct manipulation debate is the issue of hand and arm fatigue.  These are particularly 
significant factors when multi-touch interactions are used with large displays (Wang & 
Ren, 2009).  Both orientation of the display and types of interactions can play a role in 
this. 
Despite the claim that “Electronic devices can become our eyes and ears and 
even our arms and legs” (Clausen, 2009, p. 1080), the vast majority of computer users 
still interact with the system using devices that have been around and improved upon 
over the last several decades.  As Bill Buxton (2008b) suggested, interaction device 
innovation has been moving at the speed of a glacier, until recently. 
1.3.1 Design 
Elements of good design tend to be simple.  According to Sharp et al. (2007), 
three essential steps in the interaction design process include focus on the user, 
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identifying specific usability criteria, and iteration of the design.  Compared with 
designing for the traditional desktop system where interaction devices are somewhat 
constrained and well tested, designing for interaction with mobile devices is complex.  
There are currently on the order of 4,000 different mobile device models (not including 
the non-voice communication devices), nearly 200 manufacturers and half a dozen 
major operating systems (OS).   
While issues of bandwidth, battery life, operating system and network availability 
are not completely a ‘thing of the past’, they are largely addressable and can be 
expected to diminish as factors in designing for mobile devices.  As the global 
development of wireless infrastructure expands so too do the possibilities of what can be 
accomplished with mobile devices.  What will remain as major obstacles are display size 
and interaction style (Raghunath et al., 2003). 
As A. R. Wilson (1998) so aptly noted in “The hand: How it's used to shape brain, 
language, and human culture”, “touching, holding, and moving physical objects is the 
foundation of the long evolution of tool use in the human species.” It is not hard to 
understand why the highest goal of interface designers is to model a device which is 
intuitive to users and ergonomically appealing.  Yet given the constraints of mobile 
devices, this is often hard to achieve. 
The morphological characteristics of mobile devices come from various origins.  
Characteristics from the Alexander Graham Bell telephone to the timepiece can be found 
in elements of modern mobile devices.  Typical form factors of a modern mobile device 
include the flip/clamshell, dual hinge clamshell, candy bar, swivel, slider and slate.  
Whatever the form factor, the two biggest components of design are the display and the 
interaction device(s).  
Display size for mobile devices can vary considerably.  According to Tarasewicz 
(2002), “Most mobile phones have small (1” to 2” square) screens that can display 4 to 
8 lines of 10 to 20 alphanumeric characters each” (p. 4).  The resolution range for the 
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mobile phone market today is from 96 x 65 pixels (Nokia 7110) to 1024 x 480 pixels in 
a 3.8” display (Softbank 931SH).  Apple’s iPad includes a 1024 x 768 pixel display over 
9.7”.  The first challenge for designers is to improve output for very small displays, the 
second is to enable human interaction with small devices and the third is to do this 
across the spectrum of devices available for a wide set of tasks. 
According to Tarasewich (2002), “many Web sites are trying to duplicate their 
wired Web architecture and design for the wireless Web, resulting in poor navigation and 
information overload” (p. 4).  To help address this, Chae and Kim (2004) propose 
information structures with efficient depth and breadth in design.  Depth is defined as 
the number of levels in the hierarchy and breadth is the number of options per menu 
panel. They investigated the relationship between screen size and task complexity using 
mobile devices with very small screens.  Their results suggest that, with simple tasks, 
the effect of screen size and horizontal depth are less significant than with more 
sophisticated tasks.  For designers, the implications are that limiting horizontal depth for 
users of small screens may result in better navigation and an improved perception of 
usability. 
Chang, Gouldstone, Zigelbaum and Ishii (2007) define featuritis as “the tendency 
for designers to emphasize the number or novelty of features over core usability” (p. 
135).  This tendency, they note, is directly at odds with the user’s need for more explicit 
feedback given the increased complexity of devices.  When their students were asked to 
impose design constraints that focused on the most simple, straightforward approach to 
design, they arrived at more designs which involved usage metaphors.  Their conclusion: 
that simplicity could foster novel innovation in interface design.   
Jones et al. (1999) provided an important design contribution in their study of 
task complexity and screen size.  While the authors suspected that orientation of the 
small screen user on the content page would require a lot of back and forth scrolling, 
they observed only a lot of scrolling down and to the right to navigate content.  For 
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designers, their recommendations included providing direct access to content, providing 
direct search features, provide focused navigation by structuring information and make 
efforts to reduce the scrolling required by the user.  Pettinati (2007) also recommends 
streamlining common use cases, exposing hierarchy and importance, display features 
progressively, highlight (enlarge) interactions that are actionable, make certain types of 
content actionable (phone numbers), design for the display (device specific CSS), and 
consider device-specific interaction devices and network latency possibilities carefully. 
Zhang, Li and Blumberg (2008) highlight some key design considerations related 
to reading text on small screen devices. One important note is that their work was 
focused on Chinese characters.  Their results provide insight into ways in which 
designers for small display devices might optimize font style, size and color to improve 
readability and reduce fatigue. 
1.3.2 Generic website versus mobile website 
 Jones, Buchanan and Thimbleby (2002) made a critical contribution to the 
improvement of mobile search focusing on search failures and how to improve them.  
Bila, Ronda, Mohomed, Truong and de Lara (2007) investigated the value of increased 
customizability to improve search interaction on mobile devices.  Church and Smyth 
(2008) aptly state that “Limited screen-space, restricted text-input and interactivity, and 
impatient users all conspire to exacerbate the shortcomings of modern Web search.” (p. 
309) In an effort to overcome this, the authors proposed a prototype search interface 
aimed at combining location, time, and community preferences to improve mobile 
search.   
 In 2003, Giller, Melcher, Schrammel, Sefelin, and Tscheligi reported on several 
analyses they did using mobile devices of differing capabilities, classifying them into four 
different classes.  Perhaps the most important contribution of this research was in 
cautioning researchers conducting similar studies that display device differences 
significantly impact study design, execution and findings, particularly generalizability. 
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 Shreshtha (2007) contributed an important piece of baseline information on 
relative task performance between a desktop and a mobile phone.  Important issues 
with the study include no prior experience with the mobile device, and display device 
order presentation was the same for every participant (desktop first then mobile).  
Though the tasks were executed using a mobile browser (Opera), the tasks themselves 
were more PIM centric activities, like monitoring information and checking and sending 
email.  Results showed that, of the total time participants spent completing the four 
tasks, 80% was spent navigating on the mobile versus 20% on the desktop. 
 In 2008, Kaikkonen demonstrated that, as long as the ability to access the web 
using mobiles continues to improve, the tendency to do so will expand. An interesting 
observation in this study was that subjects indicated use of mobile tailored sites for ‘time 
killing’ and of generic sites to seek information within sites with which they were already 
familiar. Schmiedl, Seidl, and Temper (2009) investigated five related research 
questions on mobile tailored websites with varying study designs.  In sum, their findings 
suggested that performance improvements could be seen using mobile tailored versions 
of websites versus generic versions. In some more recent work on mobile tailored 
websites, Maurer et al. (2010) both surveyed and tested subjects using desktop style 
websites and mobile tailored websites.  Surveyed users indicated that more people 
preferred original content to the mobile versions, especially users of smartphones.  The 
user study confirms this, demonstrating that there were no performance advantages to 
the mobile version over the desktop style. 
 Keinänen (2011) conducted a study using expert evaluation of websites using 
mobile devices among 3 specialists and 18 mobile web users.  Her findings resulted in 
new guidelines to improve the mobile web browsing experience of generic websites.  
Qualitatively, the desktop was ranked highest in terms of pleasantness of use for web 
browsing followed closely by the iPhone and iPad which ranked similarly among the 
display devices tested.  Interestingly, none of the devices tested performed poorly. 
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1.3.3 Context 
Though not a significant factor in interaction design for desktop use, the advent 
of wireless infrastructure has created a new critical element in design considerations, 
context.  Context applies to both the physical location of the user in any given 
environment and to the nature of the interaction the user has through the display of the 
device. Context for the user given the limitations of the display was covered in the 
Display section of this Chapter. 
As Wobbrock (2006) points out, current trends in society and technology require 
that “the future of mobile HCI research be one which considers context as much as 
capability” (p. 1). Citing an increasingly aging population, the amount of computing work 
now done away from the desktop, the increased functionality of mobile devices and a 
general trend toward convergence of computing capabilities in a single device like the 
mobile phone, Wobbrock (2006) suggests that HCI research on mobile devices has been 
limited to the device itself, focusing on facets like interaction, display size, browsing, 
domain specific applications, and so on, yet there is much more to be learned by going 
beyond the device.   
Perhaps one of the greatest challenges in mobile device emergence, the inclusion 
of context, is also a great opportunity.  In practical implementation, context may mean 
performing a Google search for local restaurants without having to include your present 
location.  There is perhaps no other more ubiquitous piece of technology than the mobile 
phone.  Mahler and Weber (2008), paraphrasing Mark Weiser’s 1991 article “The 
computer in the 21st century”, describe the future computing device as one in which 
“the computer should be integrated seamlessly, the user not being aware of its 
presence” (p. 313). 
According to a review article by Dey and Abowd (1999), context may be 
described as “implicit situational information” (p.1).  More specifically, it is “any 
information that can be used to characterize the situation of an entity. An entity is a 
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person, place, or object that is considered relevant to the interaction between a user 
and an application, including the user and applications themselves” (p. 3). Context 
includes information about the computing environment, the user environment and the 
physical environment.  Certain elements of context are more important than others. 
Location, identity, activity and time are considered primary elements of context and are 
very practically important in context-awareness application development. 
Context-aware computing is well situated to change the face of computing as we 
know it, customizing applications to a user’s current situation.  Moreover, context 
enables providing task relevant computing services and information to a user (what they 
need when they need it), critical elements in the vision set forth by Weiser (1991). 
1.3.4 Keyboard 
Modeled after the typewriter, modern keyboard designs have retained an artifact 
of their early mechanistic challenge: the QWERTY layout.  Resulting from a need to 
arrange the keys without overlap, the QWERTY layout also has the inherent advantage 
that it is more or less optimized for bimanual input.  Leveraging procedural memory, 
QWERTY keyboards have been in use well over 100 years (Hinckley, 2002).  Despite 
some potential efficiency and safety (less work-related strain) gains, the Dvorak layout 
has not garnered the same attention probably because of the overhead associated with 
retraining to use it (Hinckley, 2002).  The keyboard has become the gold standard input 
device for text entry. “Although the ubiquitous QWERTY keyboard reigns supreme as the 
primary text entry device on desktop systems, mobile and handheld systems lack an 
equivalent dominant technology or technique for the same task.” (MacKenzie & 
Soukoreff, 2002, p. 149). 
There have been variations of the QWERTY keyboard, more so in recent years 
with the advent of mobile devices.  In an effort to overcome the limitations of a small 
form factor, many different styles of keyboard and/or alternative methods of text entry 
have been employed.  Some of the variants include full size QWERTY keyboard, mini 
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QWERTY keyboard, multi-tap keypad (non-predictive), multi-tap keypad (predictive), 
soft keyboard (QWERTY, miniQWERTY, stylus based and multi-touch based) (Curran, 
Woods & Riordan, 2004).  Although nearly every variety of keyboard has been 
empirically evaluated in one way or another, the focus here will be on soft keyboards 
typically used with a stylus as they are well studied and likely to be used (in some 
variant) with mobile devices. 
There has been a great deal of research on keyboard layout, keyboard design 
and keyboard use for certain types of tasks.  There is a good deal of well substantiated 
theoretical groundwork on typing speed as it relates to task execution.  In order to 
increase the display size of mobile devices while at the same time increasing 
functionality, a soft or virtual keyboard has been implemented.  Research on these 
keyboards suggests that there are some important considerations to make in their 
design and implementation. 
In their 1999 work on soft keyboard layout, Mackenzie and Zhang used a 
predictive model to evaluate low fidelity paper-based keyboard layouts to try and 
optimize one for longitudinal assessment.  The study then compared the predicted model 
OPTI to the industry standard QWERTY.  As with any experienced computer user, testing 
OPTI required re-learning a keyboard layout.  The model predicted that the OPTI layout 
would be about 35% faster than the QWERTY layout.  After the initial learning curve, the 
OPTI layout did indeed outperform the QWERTY layout.  By the 20th session, the WPM 
rate for the OPTI was 45 and for the QWERTY, 40.  Not only was the typing speed faster 
with the OPTI layout but the error rate was lower. 
In 2001, Mackenzie and Zhang published work on an empirical evaluation of 
novice experience with soft keyboards.  Their aim was to investigate size effects as well 
as random layout effects.  A stylus-based soft keyboard setup was simulated using two 
different sizes of QWERTY layout and two different sizes of random key assignment 
layout.  The objective was to understand the effect of size of keyboard (small, large) as 
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well as the effect of keyboard layout (fixed, random) also considered to be novice user—
in this case the novice user was simulated by random key assignment after every 
keypress.  Consistent with what Fitts’ Law (Fitts, 1954) would predict, there was no 
significant effect of size of keyboard.  Keyboard layout effects, however, were 
significant.  In addition, error rates were lower for the random layouts than for the 
QWERTY layouts—probably a result of the participant having to locate the target prior to 
selection each time.  The behavior of the participants (hovering above the keyboard to 
identify the next key) supported rejecting the hypothesis that Fitts’ Law could be used to 
predict novice user behavior with the random layout task. 
Sears and Zha conducted a similar study in 2003 evaluating soft keyboards in 
three sizes: small, medium, and large.  The evaluation included a two screen (abc, 123) 
QWERTY soft keyboard layout and stylus to perform six tasks of differing complexity.  
While there was no significant effect for keyboard size, there was a significant effect for 
task type. Data entry rates, error rates and user preferences were not affected by 
keyboard size.  While there were no effects based on keyboard size, there were 
significant effects (reduction in data entry rates) related to having to switch between 
keyboard layouts to complete a task. 
A 2007 study by Mackenzie and Read evaluating the use of paper mockups for 
text entry using soft keyboards, has at its focus determining whether a paper mockup 
can serve well for empirical investigation of soft keyboard layout.  Incorporated into the 
study are some interesting design components including use of research subjects for 
data capture.  Results of the study were compared with prior work and typing speeds 
were found to be along the lines of those measured in empirical analyses.  The authors 
conclude that this inexpensive and low fidelity approach to data collection and soft 
keyboard testing proved to be “a quick and efficient means to empirically test soft 
keyboard layouts” (p. 8). 
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1.3.5 Text Entry 
An easy way to determine a core aspect of usability of a system is to investigate 
how well certain types of tasks could be performed using the system.  This meant that 
text entry, as measured by something like typing speed, was an early and robust 
corollary to usability.  Many, many studies investigate the effects of text entry on 
computing devices and most of these are beyond the purview of this review.  Since our 
focus is on mobile systems, our interest is in how comparable text entry speeds on 
mobile devices are to traditional computing environments. 
Mackenzie and Ishii (2007) detail some of the critical reasons for evaluation and 
testing of text entry techniques.  According to them, too often, great ideas remain 
inadequately tested or untested, due in part to an unfortunate reluctance of researchers 
to engage the user community.  The point driven home in this chapter is the need for 
comparative analysis of text entry systems and that in order to accomplish this, 
standards and methods must be adhered to.  Following the mores of experimental 
psychology, Mackenzie and Ishii (2007) argue, questions should be “repeatable, 
observable and testable” (p. 78). 
Curran, Woods and Riordan (2004) conducted a study of novice, intermediate 
and expert users of mobile phones and asked the groups to use a keypad based phone 
and a non-standard keypad based phone as well as a stylus based PDA with both a mini 
soft keyboard and handwriting recognition being tested.  The predictive text (T9) 
function of the keypad phones was used both turned on and off.  In addition to these 
devices, a full size QWERTY keyboard and a mini-QWERTY keyboard based device were 
included in the testing.  Their results showed that, in both preference and performance, 
the full size QWERTY computer keyboard was the fastest means of text input.  It was 
followed by the mini QWERTY keyboard then by the soft QWERTY keyboard. The 
predictive text entry method was generally quicker than non-predictive though prior 
experience with predictive text entry might have been important.  Their results provide 
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some information stratified by gender and age and they include a detailed treatment of 
error.  This study is particularly nice because it included a wide variety of devices as well 
as the baseline or gold standard device: a full size QWERTY keyboard.  Despite this, 
there were some limitations of the study in terms of generalizability due to small sample 
size, especially with stratification. 
Myung (2004) looked at mobile phone text entry among Koreans.  Pointing out 
that the keyboard layout for the Korean alphabet had not yet been adopted (culturally 
and/or nationally), part of the study was aimed at determining whether a predictive 
model could be used as an alternative to empirical analysis to determine best layout 
options.  KLM-GOMS was used to predict usability of new keyboard/keypad layouts of 
the Korean alphabet and this was determined to be as effective as empirical validation of 
the new layout. 
In 2001, Isokoski and Raisamo introduced their Minimal Device Independent Text 
Input Method (MDITIM).  Intended to model device independent text input, this proof of 
concept was modeled on simplicity.  To validate MDITIM, a study was conducted and 
text entry was compared using a variety of devices including stylus on touchpad, mouse, 
trackball, joystick and keyboard.  Though this approach was (and still is) somewhat 
contrary to the trend toward task specific interaction devices and/or techniques, it was a 
new approach to measure the same technique across different devices.  This served to 
highlight the fact that operationally, though the stroke might be the same for MDITIM in 
theory, it was executed differently on each input device. 
Kamvar (2008) and Cox, Cairns, Walton and Lee (2008) both investigate 
instances where voice recognition is being used to provide an alternative to keyboard 
based text entry.  Kamvar investigated the use profiles of users of the Google Mobile 
Application when the voice search function was invoked.  Their aim was to understand 
when and why users chose to speak their queries.  Results suggested, contrary to the 
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researcher’s initial thinking, that longer queries were not the focus of voice searching, 
instead shorter queries were.   
Cox et al. (2008) compared voice based text entry to multi-tap and predictive 
text entry to validate KLM predictions.  They then investigated these text entry methods 
in limited visual feedback conditions to determine the value of voice based text entry 
under conditions like walking, driving, etc.  Based on their predicted results, a 
combination of keypress and voice recognition would yield the best task completion time 
which was in fact the case.  For more on this modality, see the voice section that 
follows.   
Das and Stuerzlinger (2008) investigated an important area of text entry, 
learning effects.  Their work resulted in a predictive model that could be tailored to user 
experience level, helping to elucidate the quantitative measures of learning effects 
(between novice and expert).  This predictive model was tested against simulated users 
and was found to be highly accurate.  Though empirical testing should be used to 
validate these results, the adjustments made to the model are informative for testing 
text entry among mobile phone users. 
1.3.6 Pointing and Mousing 
The advent of the mouse signaled a significant shift in human computer 
interaction.  Made popular with the release of the Apple Macintosh, the mouse has 
undergone several transitions from a mechanical ball design to an optical mouse with 
fewer moving parts.  Communication routes for the mouse have also shifted over the 
years from PS2 to USB and so on.  More recently, the mouse has become untethered 
using various wireless protocols like Bluetooth to communicate with the computer 
system.  The integration of buttons and of additional functionality like that of multi-
touch capability (see Apple’s Magic Mouse) has improved the functionality and usability 
of the mouse in recent years.   
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Use of the mouse as a pointing device has been well studied (Card, English, and 
Burr, 1978).  The primary focus for quantitative evaluation of usability of the mouse has 
centered on the use of Fitts’s Law (Fitts, 1954).  An early comparative analysis 
conducted by Mackenzie, Sellen and Buxton (1991) investigated the performance of a 
mouse, a trackball and a stylus with a tablet in pointing and dragging tasks.  Their 
results confirmed the work of Card et al. (1978) suggesting that the mouse performs 
well for pointing tasks and extended this to include the stylus and tablet which 
performed nearly as well.  There were clear differences in performing pointing tasks and 
dragging tasks; the trackball performed poorly in both types of tasks.  Their results also 
confirmed that Fitts’ Law could be used to model both pointing and dragging tasks.  
They also suggest that the stylus tablet combination may be more suitable for finer 
pointing tasks such as drawing or gestures where the mouse performed best overall for 
dragging tasks. 
Mackenzie and Isokoski (2007) evaluated throughput when performing a pointing 
task.  Using Fitts’ reciprocal tapping task, subjects were asked to complete a block of 
tapping tasks under three different conditions: normal, speed as a priority and accuracy 
as a priority.  The goal of the study was to determine if throughput was affected by 
changes in cognitive focus resulting in different movement times and/or error rates.  The 
results, helping to support Fitts’ original premise that throughput would be constant, 
suggested that indeed, regardless of cognitive focus, throughput remains the same. 
In a 2009 article, Sasangohar, Mackenzie and Scott investigated differences 
between mouse and touch input for a tabletop display.  Again, using Fitts’ reciprocal 
tapping task, throughput, movement time and error rates were measured and 
compared.  Touch interaction yielded a higher throughput than mouse interaction though 
with more errors for small targets.  While survey data suggested that touch interaction 
was also preferred, small target selection is expected to remain a problem with touch 
based interaction. 
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1.3.7 Pagination 
 Some research has demonstrated that new paradigms can be introduced to 
overcome efficiencies lost due to small screen size (Chittaro, 2006).  Some researchers 
have identified issues with inconsistencies around desktop web-based interaction versus 
mobile web-based interaction which make transitioning across these devices more 
difficult (Keinanen, 2011 and Shrestha, 2007).  Recent work on paging versus scrolling 
on the desktop (Baker, 2003; Bernard, Baker & Fernandez, 2002; Eyuboglu & Orhan, 
2011; Grace, 2005; Kim & Albers, 2001; Peytchev, Coupe, McCabe & Crawford, 2006; 
and Santosa, 2011) suggests that no statistically significant difference exists between 
the two interaction techniques for Within Document searching.  The work of Santosa 
(2011) found that differences do exist for ‘textbook’ style interaction (scrolling less 
preferred). Eyuboglu and Orhan (2011) investigated the impact of cognitive style 
combined with paging or scrolling on achievement and satisfaction and found no 
statistically significant differences. Sanchez and Wiley (2009) found that paging had a 
positive effect on cognitive ability (and conversely, scrolling can have a negative one) 
under certain conditions for lower working memory capacity readers. 
Prior research indicates that paging may be more efficient and may be preferred 
to scrolling while searching for information Within Documents of a certain length (Piolat, 
Roussey and Thunin, 1997).  Indeed, when a document is very long, fewer interactions 
are required to ‘page’ through the document than to scroll through it.  Drawing from our 
‘gold standard’ interaction for reading, sitting down with a book, many e-reading tools 
employ paging as the primary form of interaction.  As content has migrated away from 
print versions to electronic resources, the ‘book’ paradigm has not always been 
maintained.  Much content now exists in native .html format where the dominant 
interaction paradigm for reading is scrolling. 
 For small screen displays, interaction technique is a pivotal factor in the 
searching experience (Church, Smyth, Bradley & Cotter, 2008; Kamvar, Kellar, Patel & 
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Xu, 2009; and Wobbrock, Forlizzi, Hudson & Myers, 2002).  Kim and Albers (2001) 
suggest that regardless of screen size or interaction technique, certain tasks can be 
performed at the same level of accuracy.  In their study on scrolling versus paging using 
mobile devices compared with a desktop computer, no significant difference was found 
between paging and scrolling on either the small or large display device in terms of 
accuracy.  There were, however, differences in time to complete the task with a break 
point at about 225-350 word-lengths. 
1.3.8 Gestures and Multi-Touch 
As Moscovich (2007) and Buxton (2008a) point out, despite capabilities 
otherwise, much of our interaction with computing systems has been constrained to a 
trickle through a single-point input device.  [The] “Multi Touch User Interface is a 
multifunctional gestural interface using hardware and software to recognize, track and 
interpret multiple simultaneous touches on a touch screen” (Elezovic, 2008, p. 3).  
Saffer (2009) refines this further and describes actions performed with touchscreens and 
interactive surfaces as including: “Tap to Open/Activate, Tap to Select, Drag to Move 
Object, Slide to Scroll, Spin to Scroll, Slide and Hold for Continuous Scroll, Flick to 
Nudge, Fling to Scroll, Tap to Stop, Pinch to Shrink and Spread to Enlarge, Two Fingers 
to Scroll, and Ghost Fingers.”  For free form interactive gestures, he includes: “Proximity 
Activates/Deactivates, Move Body to Activate, Point to Select/Activate, Wave to Activate, 
Place Hands Inside to Activate, Rotate to Change State, Step to Activate, Shake to 
Change, and Tilt to Move.”  Citing Japanese product designer Naoto Fukasawa, Saffer 
(2009) suggests that developers follow the “dissolve in behavior” (p. 29) rule that allows 
the product to dissolve into the behavior of the user. 
Karam and schraefel (2005) made an important contribution to the study of 
gestures in HCI by creating a classification system that broadly describes application 
domains, enabling technologies (both perceptual and non-perceptual), system response 
and gesture styles.  Drawn from the literature, they describe gestures as falling into one 
 45 
 
of five categories: deictic, gesticulation, manipulation, semaphores and sign language.  
They distinguish between deictic, manipulation, semaphores and gesticulation as 
follows: 
• Deictic: pointing to establish the identity or spatial location of an object 
within the context of the application domain 
• Manipulation: a manipulative gesture is one whose intended purpose is to 
control some entity by applying a tight relationship between the actual 
movements of the gesturing hand/arm with the entity being manipulated. 
• Semaphores: we define semaphoric gestures to be any gesturing system 
that employs a stylized dictionary of static or dynamic hand or arm 
gestures... 
• Gesticulation: one of the most natural forms of gesturing and is commonly 
used in combination with conversational speech interfaces 
• Language gestures: Gestures used for sign languages are often considered 
independent of other gesture styles since they are linguistically based and 
are performed using a series of individual signs or gestures that combine 
to form grammatical structures for conversational style interfaces. 
Until recently, most touch screen implementations included a stylus as the device 
of interaction.  While the stylus affords a great deal of precision, it is still an indirect 
instrument and less intuitive than gestural interaction involving the hand(s), for 
example.  Furthermore, handwriting recognition is still significantly slower than other 
forms of gestural interaction, error prone and slower than traditional keyboarding.  
Optical Character Recognition (OCR) paired with a camera was once thought to be a 
great way to improve the desktop working environment, but performance of the OCR 
systems and processing time have limited this option. 
Myron Krueger, a pioneer in virtual reality, is often considered the father of 
modern multi-touch, having created an artificial reality type interface in the 1970s which 
remains more sophisticated than most HCI interfaces today. Much of his work was used 
in military applications and was originally oriented toward interactive art.  He is credited 
with originating the pinch grasp movement typically employed in map applications in the 
multi-touch environment of today. 
Historical accounts credit Nimish Mehta for creating the first touch screen 
prototype while a student at the University of Toronto in 1982.  The following year, 
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researchers at Bell Labs published a document on multi-touch though a product never 
followed on to this.  According to Bill Buxton (2008b), after the Mehta prototype was 
completed, he (Buxton) saw a much better version at Bell Labs.  “The problem was that 
they [Bell Labs] never released the technology, so, the whole multi-touch venture went 
dormant for 20 years” (Buxton, 2008b). 
Pierre Wellner introduced his DigitalDesk calculator in 1991 and a more 
comprehensive electronic office working environment in 1993.  Different from prior 
work, Wellner (1991) attempted to bring electronic capabilities to traditional working 
environments.  This was considered to be the opposite of simulated worlds and virtual 
reality and Wellner (1991) called it augmented reality (AR). One of the biggest strengths 
of early AR development was its human centered design approach; as much as possible, 
the simulated environment was created in synthesis with human movements.  
Buxton and Myers (1986) completed some early work on bimanual input for 
continuous (such as pointing and dragging with a mouse) tasks.  Their results suggested 
that users could engage in the completion of subtasks simultaneously (with different 
hands) and that this ‘parallelism’ suggested the cognitive overhead to complete the 
tasks was minimal.  In addition, subjects who engaged in this parallel behavior were 
more likely to complete the tasks more quickly and outperformed the single handed task 
on several different measures.  Despite this, not all tasks are equally well suited to 
bimanual input.  In his 2008 chapter entitled “Two-Handed Input in Interaction”, Buxton 
illustrates the artificiality of single handed input as a constraint of the current computing 
environment.  Still, he argues, there are many basic tasks for which single handed input 
is still optimal.  Moreover, most bimanual tasks are asymmetric, that is they require 
primary focus from one hand and secondary support from another.  Though an 
important area of research, until recently, bimanual interaction has been very limited. 
Lee, Buxton and Smith (1985) introduced one of the first multi-touch tablets.  
They described their work as innovative in two particular ways:  “First, it [the tablet] can 
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sense the degree of contact in a continuous manner. Second, it can sense the amount 
and location of a number of simultaneous points of contact.”  Though not the first touch 
sensitive tablet of its kind, this was the first prototype with these important 
characteristics of multi-touch interaction. 
In important early work comparing architectural tasks (sketching and sorting) 
with different display sizes (tablet, typical monitor and digital desk) and interaction 
styles (stylus with touch screen, mouse), Elliott and Hearst (2000, 2002) found that 
interaction style, display size and task type were dependent upon each other.  For 
sorting tasks involving a significant portion of the workstation, intermediate sized 
displays were preferred (errors tended to occur with items in the periphery).  Both 
qualitative and quantitative measures were analyzed. For sketching tasks, stylus based 
input was preferred (over mouse-based) and tablet sized displays were suboptimal.  Low 
resolution of the large display was not a significant factor but readability on the tablet 
could be.  Quantitative analysis did not support the initial hypothesis that “architects 
would prefer completing image design tasks on the Digital Desk” (Elliott & Hearst, 2002, 
p. 24).  In fact, the Digital Desk was not preferred for the sorting task and only partly 
preferred for the sketching task. 
The TabletPC, offering a handwriting recognition feature attractive to 
professionals, made a significant contribution to the long-standing interaction barrier the 
keyboard posed, particularly for drawing interactions.  Research involving the use of 
TabletPC devices has been done in medicine, among the military and more recently, in 
teaching and education.  Though certain situations appeared to be more conducive to 
the use of handwriting recognition, problems with quality and speed have limited 
uptake.  Moreover, with the advent of the keyboard, most users who become proficient 
with it stray away from writing by hand and increasingly use the computer keyboard as 
their primary writing tool.  It may even be a serious consideration that the issue of 
handwriting recognition will dissolve as a generationally-dependent problem. As access 
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speeds and processing speeds dwindle, the perception that interaction should be even 
more instantaneous increases.  This is causing a general shift toward advances in voice 
recognition technology and smarter gestural interaction.  
In 2005, Jeff Han introduced the use of frustrated total internal reflection (FTIR) 
to produce high-resolution multi-touch sensing displays.  This technology provides “full 
imaging touch information without occlusion or ambiguity issues” (Elezovic, 2008, p.7). 
Future work will include proximity information and a classification (e.g. which finger) for 
each point of contact. 
Large scale multi-touch displays tend to be used for collaborative work.  Elezovic 
(2008) put together a low cost proof of concept multi-touch interactive whiteboard 
system using wiimotes (as HID compliant devices with internal infrared cameras), 
infrared pens and GlovePie.  Both multi-touch and multi-person, this concept is highly 
scalable and cost effective.   
Exploring the wide variability and “guessability” inherent in gestural interaction, 
Wobbrock, Morris and Wilson (2009) conducted a user-centered design experiment with 
a Microsoft Surface prototype.  User defined gestures were compared with expert 
generated gesture sets and found to have only about 60.9% agreement.  For the vast 
majority of referents (tasks), gestures involving only one hand were used and preferred.  
Gestures which were deemed to be more complex also rated more poorly in terms of 
goodness and ease.  Cognitively complex referents were not necessarily associated with 
poorer ratings in terms of goodness and ease though planning time had an impact on 
the perception of goodness and ease. 
In a 2008 experiment studying the use of physical edges to improve target 
acquisition on mobile touchscreens, Froelich, Wobbrock and Kane investigated the 
effectiveness of this approach among typical users as well as users with motor 
impairments.  The motor impaired user has difficulty interacting with the latest 
generation of smartphones which utilize multi-touch based touchscreens and have few 
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physical buttons. This study investigates the use of barrier pointing to overcome these 
limitations.  Results suggested that for certain motor movement impairments, 
particularly those which extremely limit fine motor control, barrier pointing can be 
useful.  
Sun and Hürst (2008) present video browsing techniques like the 
mobilezoomslider, scrollwheel and elasticslider.  While there were no significant effects 
in performance when comparing the elasticslider with the traditional iPhone interaction, 
individual preferences for interaction type were polarized.  Further evaluation of these 
techniques may yield helpful information for improving video navigation on small screen 
devices. 
Hoggan, Brewster and Johnston (2008) investigated the importance of tactile 
feedback during touchscreen use.  Comparing a physical keyboard, a touchscreen 
keyboard and a touchscreen keyboard with tactile feeback incorporated, they found that 
the addition of tactile feedback brought touchscreen text entry to performance levels 
near that of the physical keyboard.  A second portion of this analysis determined that 
tactile feedback enhanced with actuators that could provide specific feedback (location 
where button press was activated) could improve performance even further. 
1.3.9 Impact of Age 
 The implications of small screen size as we age center around interaction 
technique.  Despite physiologic changes that occur naturally as we age, like poorer 
eyesight and limited motor skills, devices of all sizes can and are being used at all ages.  
The challenge for designers is centered around considering both the physical limitations 
of the user AND the experience level of the user.  Several studies have looked at how 
older people adopt and use mobile technologies (Armbruster, Sutter & Ziefle, 2007; 
Taveira & Choi, 2009; Ziefle & Bay, 2005; Ziefle, 2002; Zimmerman & Yohon, 2009; 
Kang & Yoon, 2008; Urdaibay Villaseca, 2010), with particular emphasis on input 
devices and techniques.  The most important outcome of this area of research is 
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highlighted by Kang and Yoon (2008)—that age-related implications should be treated 
separately from experience-related issues.  In sum, they found that low complexity 
leveled the playing field between young and old. 
1.4 Search 
A great deal of foundational work has been done in the area of information 
seeking and retrieval (Bates, 1979; Wilson, 1981; Belkin, 1988; Dervin, 1992; 
Marchionini, 1991; Kulthau, 1993; Hsieh-Yee, 1993; Wildemuth, 1995; Borlund & 
Ingwersen, 1997).  After laying some groundwork in what searching is, much early work 
in this area focused on information seeking in different contexts (e.g. professional) and 
domains (e.g. library and information science) centering on the concepts of task and 
goal as they relate to an information seeking activity. While much of this work focuses 
on the “who, what, when, where, how, and why” there is still a lot of interest in both the 
reason for the search and a relative measure of success when a search is undertaken. A 
recent shift in research methods to the use of transaction logs in examining web 
searching behavior (Rose and Levinson, 2004 and Jansen et al., 2009) has met with 
both success and criticism. While the logs may be exacting in what the user actually 
does in interacting with a system, researchers increasingly want to understand more 
about the cognitive mechanisms associated with search. Doing this requires an 
expansion of the notions in existing theory which center on quantitative approaches to 
cognition and new methods for capturing the details of a searching ‘transaction.’ 
Information search is a central theme in information science and has been 
theorized about since its inception.  The details of search are still elusive elements 
spurring further research in the field.  How and when does an information need arise? 
What tactics does the user employ to conduct a search?  What is the intent of the 
search?  How successful is the search?  Mobile devices have only added complexity to 
these questions by facilitating searching in any [mobile] context. 
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Bates (1979) is perhaps credited with initiating the discussion on search tactics.  
In an effort to understand and disseminate the skills of experienced information 
searchers, Bates articulated and named a series of models of search strategy, 
“idealizing, representing, teaching and facilitating searching” (online document—no page 
number specified). She goes on to elucidate tactics employed as part of the overall 
search strategy:  “monitoring, file structure, search formulation and term tactics” (online 
document—no page number specified). To each tactic is then added a set of defining 
terms which should aid the user in the process of searching. 
T.D. Wilson (1981) put forward a model of information behavior stressing three 
important components: “exchange”—that information seeking involves some type of 
reciprocity; “failure”—that the needs of the user may be met or not met; and “use”—
that the information will be used regardless of whether or not the need was met.  He 
also put forward a model of the context of information seeking in a universe of 
information.  The ‘need’ in information need, Wilson (1981) suggests, implies a basic 
human need.  He asks whether an information need is a physiological, cognitive or 
affective need and goes on to suggest a model for information needs and seeking.  He 
concludes that perhaps it might be more appropriate to say that we are engaging in 
information seeking in order to satisfy needs and that the information need is secondary 
to a given primary need.  Factual data, he suggests, might satisfy cognitive needs, the 
channel of communication might be guided by affective or cognitive needs and the 
physical document may satisfy an affective need or in rare cases, a physiological need.  
According to Wilson (1981), “the communication model proposed by Shannon, [22] with 
its elements: source, channel, message, coder, decoder, receiver and noise, was never 
intended as an information-science model nor as a behavioural science model, and, 
consequently, can tell us nothing about the information user and his needs” (online 
document—no page number specified).  This ends in a strong call for interdisciplinary 
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approaches to information science research focused on the user utilizing social research 
methods rather than the ‘user studies’ done to date. 
Kuhlthau (1991) introduced a model of The Information Search Process (ISP), a 
six-stage process that information seekers go through when seeking information. The six 
stages include Stage 1: Initiation, Stage 2: Selection, Stage 3: Exploration, Stage 4: 
Formulation, Stage 5: Collection, and Stage 6: Presentation. Her work underscored the 
affective component of information seeking, an element that had not been fully 
recognized prior to the introduction of the ISP.  Typically, early stages of the ISP involve 
some degree of uncertainty.  The act of information seeking results in an effort to 
reduce uncertainty and can provide the catalyst which begins the information search 
process. Kuhlthau introduces the six corollaries of the principle of uncertainty:  process, 
formulation, mood, redundancy, prediction and interest.  Kuhlthau draws our attention 
to the ‘zone of intervention’ created by the increased uncertainty that spurs the 
information search process. 
Introducing the concept of sense-making, Dervin (1992) suggests that 
information retrieval, for example, can be informed by predictions provided through 
sense-making theory.  Sense-making assumes that the way people see their gaps 
informs the way they try to bridge them and that the essential aspects of information 
use can be captured by looking at these gaps and bridges.  Universal gap-definings, 
Dervin (1992) asserts, can be put into categories which include creating ideas, finding 
directions or ways to move, acquiring skills, getting support, getting motivated, getting 
connected to others, calming down or relaxing, getting pleasure or happiness, and 
reaching goals. Sense-making, by definition extremely individualistic, is also both 
quantitative and qualitative and thus requires both theoretical approaches for research. 
In a recent study of military family Internet use, Freedman and Henderson 
(2008) sought to better understand the impact information access through technology 
has on an individual’s ability to cope.  They propose a model of sense-making that 
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includes four steps: scanning, interpreting, taking action and ability to cope.  Greater 
access to information does not necessarily mean improved ability to cope, but the need 
to cope often results in actions which leverage technology and information.  Though 
access to both technology and information are socioeconomically distributed, or not 
equally available to all, efforts to bridge the digital divide by increasing digital access 
could be confounded by variability in ability to cope and resulting digital behavior.  The 
results support the notion that increased access supports ability to cope.  This was true 
even though demographic characteristics were not responsible for digital behavior, the 
tendency to scan, interpret and act. 
Marchionini and Komlodi (1991) disambiguate information search and information 
retrieval in an important way.  While an information seeker may engage in information 
retrieval, “machines cannot engage in information seeking but machines can engage in 
information retrieval.”  They similarly provide clarification on browsing, information 
seeking and learning suggesting that each in turn require a greater and greater 
commitment on the part of the seeker in the search process.   
Marchionini (1993) makes a critical point about information access in a digital 
world.  “We are dependent on machines to express this information in forms that we can 
perceive.”  While it is true that technology and information are mutually reinforcing 
phenomena, it is also true that the pillar of human computer interaction is the interface 
(Marchionini and Komlodi, 1991). 
Bates (1990) points out that a critical element in information search is the role of 
the user.  Despite great advances in search system design and implementation, users 
perceive there is an implicit ‘search system knows best’ kind of approach to searching.  
Still, many users want control of the search, including the ability to determine what does 
and does not get included in the search and why.  Bates (1990) suggests that two things 
be made explicit in the development of IR systems:  “the degree of user versus system 
involvement in the search, and (2) the size, or chunking, of activities; that is, how much 
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and what type of activity the user should be able to direct the system to do at once.” (p. 
575) 
As Xie and Cool (1998) point out, as searching becomes increasingly 
sophisticated and web searching the dominant paradigm, learning about different ways 
to interact in the searching process becomes more important.  Users want to retain 
control in the searching process yet fundamental interaction constraints may make this 
complicated and difficult.  Most importantly, library and information science curricula 
must shift toward incorporating tools and techniques for interacting in this new 
environment. 
A review article by Martzoukou (2005) helps put some challenges in web 
information seeking research into perspective.  Research in this area must be 
approached from a holistic perspective considering cognitive, affective and physiological 
elements but has been methodologically inconsistent and often lacks quantitative 
validity and qualitative consistency.  This limits the comparative strength and 
generalizability of results.  Improvements in the ‘realistic’ quality of search tasks, 
appropriate sample size, direct observation of subjects and adherence to some 
methodological tenets would all be steps in the right direction. 
1.4.1 Information need, search behavior, and intent 
Wilson (2000) reiterated a well known issue in human computer interaction:  that 
prior to the 1980s and still somewhat present today is an inherent question about how 
users interact with a system rather than a focus on the information need with which the 
system is intended to assist.  “The studies reported, as virtually all to this date, are 
concerned not so much with human aspects of information use, but with the use of 
information sources and systems,” (p. 50) without taking the needs of the user into 
account.  Wilson stresses the need to focus on the individual and his/her needs and to 
take an interdisciplinary approach toward research in this area. 
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In a study of third year medical students searching MEDLINE, Wildemuth and 
Moore (1995) compared the quality of searches as determined by the students 
themselves (self-evaluation), by librarians in four dimensions and librarians noted 
missed opportunities in the searches.  A typical search involved 14 statements, seven 
different terms and 11 results.  Results indicated that students’ searches were adequate 
according to the librarian’s ratings (five point scale on all four dimensions).  Self-
evaluation also indicated that students were satisfied with their searches.  In terms of 
missed opportunities, 97% of the searches contained missed opportunities of some kind, 
the most prominent of which was not using the controlled vocabulary (MeSH Subject 
Headings).  One significant response to research like this has been that search systems 
cater to the incidental user, one who may have no knowledge of the syntax of the 
system. 
Jansen, Booth and Spink (2008) used web search engine logs to derive a 
classification of user intent for web searching.  Three classification areas, informational, 
navigational and transactional and their corresponding characteristics were then used to 
automatically classify web search log queries and measure the effectiveness of the 
classification.  Applying the classification system to Dogpile search engine transaction 
log queries, an automated classification according to the system the authors developed 
was implemented.  This was compared against prior literature and a group of manually 
classified queries.  The automated system was found to be accurate for approximately 
74% of queries.  These data were based on a dataset of over a million and a half queries 
and, though limited to a single web search engine log, the findings were robust.  
Automated classification systems such as this could be used in real time to help 
developers analyze and improve their offerings by providing content directly suited to a 
user’s query intent. 
Marchionini (2006) points out that search is becoming increasingly sophisticated 
and that users who’ve grown up in a world where digital media is more or less native to 
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them will demand increasingly usable systems.  A significant effect of large numbers of 
people engaging in Exploratory search is the mining of data on search behavior to 
appeal to the user and/or engage in adversarial computing.  As users move beyond 
finding to understanding in their searching behavior, Marchionini (2006) sees the advent 
of easy to apply searching tools to aid the user in this transition. 
1.4.2 Search tactics, search task and search success 
So, what impact does search experience and domain knowledge have on search 
tactics?  Does prior search experience facilitate better search tactics?  Does subject 
knowledge offer an advantage?  Hsieh Yee (1993) investigated nine types of searching 
tactics divided into three categories:  search term tactics, search monitoring tactics and 
search formulation and modification tactics.  Term tactic variables included the use of 
the searcher’s own terms and the query language (OTAL), the searcher’s reliance on the 
thesaurus structure for term suggestions (THAL), off-line efforts at term selection 
(PREP), and online usage of search terms (ACT).  The single search monitoring variable, 
CHECK, was the comparison of search question with a search in progress.  The 
formulation and modification variables were inclusion of similar concepts or synonyms 
(PARALLEL), the tactic of finding similar items from a relevant item (TRACE), the 
searcher’s combinations of search terms (MANIPUL) and the tactic of viewing records to 
find relevant items (BROWSE).  Though the literature contains equivocal results on the 
effect of prior search experience (novice versus experienced), Hsieh-Yee (1993) found 
that “the two groups differed mainly in term selection, inclusion of synonyms, and 
manipulation of search terms” (p. 169). This became more evident when searching 
outside their subject area.  So, while experienced searchers were able to compensate for 
lack of subject knowledge, “no matter which topic was searched, novice searchers 
displayed no difference in their use of search tactics selected for this study” (p. 169). 
Wildemuth (2004) conducted a study of user search tactic formulation over time.  
Somewhat analogous to novice and experienced users, these subjects were medical 
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students whose searches were recorded three times during a nine month period.  All 
students were taking an introductory microbiology course and the searches recorded 
were directly relevant to the course.  Findings suggested that most searchers engage in 
a gradual narrowing of the retrieved set in an effort to find the needed results.  Another 
interesting finding in the study was that domain knowledge peaked during the course of 
the microbiology class and dropped off afterward.  Database searches at each of these 
stages were integral to improving task performance and that effect persisted even after 
domain knowledge dropped off. 
Byström and Järvelin (1994) undertook an empirical analysis of the relationship 
between task type and information needed for a task.  Prior work had looked at the 
problem of task at the work or job task level and also had conducted the analysis after 
completion of the task.  In this study, Byström and Järvelin broke down the tasks into 
discrete components and assigned complexity from the user’s perspective, collecting 
data while the task was being performed.  The following five task types were identified:  
automatic information processing tasks (a priori), normal information processing which 
require some case-based arbitration, normal decision where cased-based arbitration has 
a major role, known, genuine decision tasks where permanent procedures for 
performing the tasks have not yet emerged and genuine decision tasks which are 
unexpected, new, and unstructured.  Information types needed in tasks included 
problem information, domain information and problem-solving information.  In order to 
compute the task complexity level, an Information Complexity Index was devised from 
the information types used in the tasks.  They found that “The contrast between simple 
versus complex tasks underlines the importance and consequences of task complexity: 
In the latter, understanding, sense-making, and problem formulation are essential, and 
require different types and more complex types of information through somewhat 
different types of channels from different types of sources.” (p. 211) This underscored 
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the importance of both task complexity and information type in models of information 
seeking and use. 
Jansen, Booth and Smith (2009) employed Anderson and Krathwohl’s taxonomy 
of the cognitive learning domain to classify searching tasks.  The aim was to try and 
understand whether learning has important searching characteristics.  Their findings 
suggested that searchers use searching primarily for fact checking and verification.  For 
evaluating and creating information needs, searchers tend to rely on their own 
knowledge, though different styles of learning can have a moderating effect on the 
searching process.   
Xie (2009) explores the relationship between task type and the information 
search and retrieval process.  Defining key dimensions of work tasks as nature, stages, 
and timeframe of the tasks, and key elements of searching tasks as origination, types, 
and flexibility, Xie (2009) analyzed information search and retrieval processes among 
workers in both a corporate and an academic setting.  The results validated prior work 
suggesting that task drives the information retrieval process. 
1.4.3 Query Formulation and Log Analysis 
Web search logs have afforded an entirely new area of analysis of users and their 
search behaviors.  Providing vast amounts of data on a huge number of users, these 
logs provide trace data that may help paint a picture about how people look for 
information on the web and whether they have success in finding it.  Because the logs 
represent real data from real people (are naturalistic), they have even greater inherent 
value.  However, these data are not always associated with demographic or other 
information about the user, and because they are trace data, only inferential conclusions 
about user behavior can be made.  As Jansen and Spink (2005) point out, there is a 
“high degree of consistency at the session and query levels of analysis across multiple 
Web studies” (p. 379). In addition, these “similarities exist even with researchers 
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studying various search engines and utilizing a variety of analytical methods, definitions, 
and metrics” (p. 379). 
In reviewing a series (both related and unrelated to each other) of studies of web 
log analysis (Jansen, Spink & Saracevic, 2000; Spink, Wolfram, Jansen & Saracevic, 
2001; Spink, Wolfram, Jansen & Saracevic, 2002; Jansen & Spink, 2005), important 
trends in research in this area are identified.  Each study involved the use of web search 
transaction logs to identify trends in user query formulation behavior.  The first study 
(Jansen, Spink & Saracevic, 2000), looked at a relatively small sample of users (at that 
time it was huge though) at a single point in time and recognized that few web search 
users were taking advantage of advanced search tools.   
In 2001, Spink, Wolfram, Jansen and Saracevic analyzed over one million web 
queries posted by users of the Excite search engine and found that the “Number of 
queries posed on the Web is huge, but searching is a very low art” (p. 25). That is, users 
were using few search terms, viewing few web pages, did not use advanced search 
features and made few modifications to their queries.  Terms tended to focus on 
entertainment and recreation.  The long tail of web queries was evident with a small 
number of terms being used with high frequency and a large number of unique terms 
being used with low frequency. 
Extending the previous study to include an assessment of web queries as 
snapshots over time, Spink, Wolfram, Jansen and Saracevic (2002) looked at data from 
200,000 users of the Excite search engine in September of 1997, December of 1999 and 
May 2001.  They saw a shift in term subject areas from entertainment and sex to 
commerce and people over the period, despite query lengths and user frequency 
remaining roughly the same.  Their findings suggested that either users needed to 
develop better searching skills or web search engines needed to improve the search 
interface, algorithms and relevant results.  “An Excite results page contains 10 ranked 
Web sites, and the percent- age of Excite users who examined only one page of results 
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per query increased from 28.6 percent in 1997 to 50.5 percent in 2001. By 2001, more 
than 70 percent of Excite users looked at two pages or fewer” (p. 107). 
In a 2005 web search transaction log study of European users of the popular 
AlltheWeb.com search engine, Jansen and Spink saw a decline in query length, and a 
decline in sexual and pornographic searching.  Reviewing data on hundreds of thousands 
of users, they determined that only five or fewer documents were viewed by each user, 
spending only seconds per document.  Nearly half of all documents were not topically 
relevant. 
Jansen, Spink and Pedersen (2005) conducted an analysis of AltaVista search 
engine queries to see how web searching behavior changes over time.  This analysis is 
similar to others around the same period looking at web search logs to try and 
understand what user behavior patterns looked like at a single point and compared over 
time.  Many important findings result: query and session length increased, term 
frequency decreased suggesting that queries become increasingly sophisticated as users 
gain familiarity, and frequency of use increased.  Because it would be hard to conduct 
such a study using other methods, one main contribution of studies of this type was to 
demonstrate that log analysis is a viable research approach.  Studies of this type also 
add to a general body of research of web search log analysis with generalizable results 
(across web search sites).  
In an effort to better understand what occurs in the query refinement process, 
Rieh and Xie (2006) collected web transaction log information on repeat users (6+ 
unique queries/session).  Using a final set of 313 search sessions, they developed a 
classification for query reformulation with three top level facets: content, format and 
resource.  Most query reformulations involve changes in content.  Eight distinct 
modification sequence patterns were observed: specified, generalized, parallel, building-
block, dynamic, multitasking, recurrent, and format reformulation.  They conclude 
suggesting that “Multiple data collection methods (transaction logs, thinking aloud, 
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interviews, etc.) can be employed to further explore the patterns of Web query 
reformulation” (p. 766). 
1.4.4 Mobile Search 
According to Church, Smyth, Cotter and Bradley in 2007, “It is likely that mobile 
phones will soon come to rival more traditional devices as the primary platform for 
information access” (p. 1). Though mobile searching is different from desktop searching 
and remains tied to task complexity, searching activities in the mobile environment 
increasingly represent and extend search in the desktop context.  Because the user is 
mobile, contextual information can improve and enhance the search process, perhaps 
improving the overall searching experience.  As mobile users become proficient, their 
Internet browsing and search behavior expands.  Limited only by display size and 
interaction device/style, users increasingly attempt to perform behaviors resembling 
those done in a stationary setting (Church & Smyth, 2009). 
A 2006 study by Kamvar and Baluja analyzed web transaction log data from 
Google’s mobile search sites.  Over one million hits were included in the sample and 
examined for patterns of use.  This represented the first large scale review of search 
data involving mobile phone access and the first ever from Google.  A follow up study by 
the authors was conducted in 2007 and much of that work makes comparisons between 
the 2006 report and the 2007 data.  The 2007 study also involved the analysis of over 
one million page view requests anonymized and randomly sampled from Google web 
transaction logs over a one month period in early 2007.  Their findings included average 
mobile query length (2.56 words/terms, see Table 1—3) and an estimate of time to 
enter queries which was computed from the length of an entire transaction.  In fact the 
authors note, “Despite the drastically different input techniques used, the similarity in 
median and mean query terms across search mediums might suggest that the number 
of terms per query is currently a ground truth for today’s Web search.” 
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Table 1-3. Summary of mobile search statistics in 2005 and 2007. Reprinted from “A 
large scale study of wireless search behavior: Google mobile search,” by M. Kamvar and 
S. Baluja, 2006. Proceedings of the SIGCHI conference on Human Factors in computing 
systems. Montréal, Québec, Canada. Copyright 2006 by the ACM Press. Reprinted with 
permission. 
 
 
The time to complete a query was proportional to the length of a query.  This is 
an interesting ‘reverse computation’ that should be verified in the field.  Queries from 
PDA devices (typically equipped with QWERTY keyboards) were longer than queries from 
mobile phones however the time to enter a query on the PDA decreased by 30.1 
seconds (see Figure 1—3).   
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Figure 1-3. Time to query. Graph of the time it takes to enter a query versus the length 
of the query.  Reprinted from “A large scale study of wireless search behavior: Google 
mobile search,” by M. Kamvar and S. Baluja, 2006, . Proceedings of the SIGCHI 
conference on Human Factors in computing systems. Montréal, Québec, Canada. 
Copyright 2006 by the ACM Press. Reprinted with permission. 
 
Top five categories or category areas for the 2007 data (Kamvar & Baluja, 2006) 
are shown in Table 1-4. The domination of the adult category is thought to be 
attributable to either the relative maturity of web search using mobile devices (a similar 
profile can be seen in desktop based web search) or to increased privacy on the mobile 
phone.  Overall query diversity ranged from least diverse among cell phone users; next 
were PDA users and finally desktop users.  Observing query pairs, the authors found 
that they tended to stay on topic and involve refinement.  More than 50% of queries led 
to a click on a search result.   
  
 64 
 
Table 1-4.  The top five categories in mobile search. Reprinted from “A large scale 
study of wireless search behavior: Google mobile search,” by M. Kamvar and S. Baluja, 
2006, . Proceedings of the SIGCHI conference on Human Factors in computing systems. 
Montréal, Québec, Canada. Copyright 2006 by the ACM Press. Reprinted with 
permission. 
 
Additional results from this study (Kamvar & Baluja, 2006) indicated that the 
average number of queries per mobile session was found to be 2 and the time from 
Google front page to query submission decreased from 66.3 seconds in 2005 to 44.8 
seconds in 2007. Longer length queries saw a greater decline than ones of shorter 
length (see Figure 1—4). 
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Figure 1-4. Reduction in query-entry time due to faster typing. It took less time in 
2007 to enter a query than it did in 2005.. Reprinted from “A large scale study of 
wireless search behavior: Google mobile search,” by M. Kamvar and S. Baluja, 2006, . 
Proceedings of the SIGCHI conference on Human Factors in computing systems. 
Montréal, Québec, Canada. Copyright 2006 by the ACM Press. Reprinted with 
permission. 
An increased interaction with search may be occurring in part because pages 
display better and also because interaction and network latency have improved.  
Overall, the number of queries and the query diversity per session increased though the 
query category appeared more stable.  In general, queries are becoming less 
homogenous and the number of queries from cell phones and PDAs was evenly divided 
whereas PDAs took substantially less of a share than cell phones in the 2005 study.  
Baeza-Yates, Dupret and Velasco (2007) make an important contribution in the 
area analyzing web transaction logs from Yahoo! Japan.  One million mobile and one 
hundred thousand desktop unique queries created in 2006 were analyzed.  Despite the 
fact that Japanese query terms are similar in length (2.3 terms on average), Japanese 
language differences (the use of characters) results in a substantial decline in average 
number of characters per query: 7.9 for mobile and 9.6 for desktop.  Comparisons with 
the Kamvar and Baluja (2006) study on query category are illustrated in Table 1-5. 
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Table 1-5. Comparison with USA mobile search study (*=subcategories were used). 
Reprinted  from “A study of mobile search queries in Japan,” by Baeza-yates, R., Dupret, 
G., & Velasco, J. (2007), Social and Technological Challenges. WWW 2007 Workshop. 
Copyright 2007 by Baeza-yates, R., Dupret, G., & Velasco, J.. Reprinted with permission. 
 
Because ‘adult content’ is not separated out in these categories, it is hard to 
know exactly how the datasets compare in that area. However, it does seem apparent 
that in Japan, a more mature region for mobile Internet use, categories shift toward 
items more similar to those seen in desktop web search. 
A study on European mobile users for both browsing and searching was 
conducted by Church, Smyth, Cotter and Bradley in 2007.  Including more than 600,000 
users, 400,000 query-based searches (versus browsing searches—following links) from 
more than 30 different mobile search engines, the data was collected over a 24 hour 
period in late 2005.  This study particularly emphasized the difference between browsing 
and searching: 94% of all sessions were browsing sessions (following links) which left a 
fairly small subset (by comparison) for search analysis. Figure 1—5 compares daily 
search and browsing sessions. 
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Figure 1-5. A comparison between daily search and browsing sessions in terms of 
session duration, bytes downloaded, and numbers of requests. Reprinted from “Mobile 
Information Access: A Study of Emerging Search Behavior on the Mobile Internet”, by 
Church, K., Smyth, B., Cotter, P., & Bradley, K. (2007). ACM Transactions on the 
Web1(1). Copyright 2007 by ACM Press. Reprinted with permission. 
Figure 1—6 and Table 1—6 indicate that the number of search sessions tended to 
be longer, more data intensive and include more interaction than the browsing sessions.  
In addition, the average number of sessions per search user was higher despite the total 
number of sessions for search users being much smaller.  A critical element of this 
finding is that investigating search alone may tell an incomplete picture of how mobile 
users typically look for mobile information.  This study is further differentiated by 
including multiple search engines.   
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Figure 1-6. Average number of sessions and percentage sessions per S-User and B-
User per day. Reprinted from “Mobile Information Access: A Study of Emerging Search 
Behavior on the Mobile Internet”, by Church, K., Smyth, B., Cotter, P., & Bradley, K. 
(2007). ACM Transactions on the Web1(1). Copyright 2007 by ACM Press. Reprinted 
with permission. 
Table 1-6. Mobile search engine usage in order of popularity. Reprinted from “Mobile 
Information Access: A Study of Emerging Search Behavior on the Mobile Internet”, by 
Church, K., Smyth, B., Cotter, P., & Bradley, K. (2007). ACM Transactions on the 
Web1(1). Copyright 2007 by ACM Press. Reprinted with permission. 
 
Important to note here is that the number of mobile search terms was slightly 
fewer than that of web search (2.06 versus 2.3) and there was only minimal use of 
advanced search features.  This, coupled with a lower number of unique queries, a 
higher incidence of repeat queries and more searches per session, suggests that mobile 
search interfaces are insufficient for mobile searchers to locate information. 
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Despite the fact that the top 10 phones for browsing and searching (see Tables 
1—7 and 1—8) were all standard mobile phones, important device characteristics for 
searchers included large screen size and higher resolution.  Still, most phones in the top 
10 for each were quite modern with significant screen space, color interfaces, predictive 
input, and XHTML support. Tables 1—7 and 1—8 provide more details. 
Table 1-7. Top-10 mobile devices used in browsing sessions. Reprinted from “Mobile 
Information Access: A Study of Emerging Search Behavior on the Mobile Internet”, by 
Church, K., Smyth, B., Cotter, P., & Bradley, K. (2007). ACM Transactions on the 
Web1(1). Copyright 2007 by ACM Press. Reprinted with permission. 
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Table 1-8. Top-10 mobile devices used in search sessions. Reprinted from “Mobile 
Information Access: A Study of Emerging Search Behavior on the Mobile Internet”, by 
Church, K., Smyth, B., Cotter, P., & Bradley, K. (2007). ACM Transactions on the 
Web1(1). Copyright 2007 by ACM Press. Reprinted with permission. 
 
Yi, Maghoul and Pedersen (2008) studied the characteristics of mobile search 
queries submitted through several Yahoo! one-Search applications.  In all, they worked 
with 40 million English language queries submitted by users in the US, Canada, Europe 
and Asia during a two month period in late 2007.  The search application interfaces 
included an XHTML/WAP browser (http://m.yahoo.com), a java based interface (Yahoo! 
Go) and an SMS text messaging interface (Yahoo! Mobile SMS).  Important 
characteristics of this study included the analysis of a multi-national, multi-interface 
data set of English language queries on an as yet unseen scale (20 million US and 20 
million International queries).  Tables 1—9, 1—10, and 1—11 show US mobile query 
distribution, US mobile categorization and International mobile categorization. 
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Table 1-9. Query Distribution. Reprinted  from “Deciphering Mobile Search Patterns: A 
Study of Yahoo! Mobile Search Queries,” by Yi, J., Maghoul, F., & Pedersen, J., (2008), 
Proceeding of the 17th international conference on World Wide Web, 257-266. Beijing, 
China. Copyright 2008 by the ACM Press. Reprinted with permission. 
 
 
Table 1-10. Mobile Query Categorization. Reprinted  from “Deciphering Mobile Search 
Patterns: A Study of Yahoo! Mobile Search Queries,” by Yi, J., Maghoul, F., & Pedersen, 
J., (2008), Proceeding of the 17th international conference on World Wide Web, 257-
266. Beijing, China. Copyright 2008 by the ACM Press. Reprinted with permission. 
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Table 1-11. International Mobile Query Categorization. Reprinted  from “Deciphering 
Mobile Search Patterns: A Study of Yahoo! Mobile Search Queries,” by Yi, J., Maghoul, 
F., & Pedersen, J., (2008), Proceeding of the 17th international conference on World 
Wide Web, 257-266. Beijing, China. Copyright 2008 by the ACM Press. Reprinted with 
permission. 
 
Though personal entertainment ranked as the top category in both geographic 
areas, it is also clear that there are some regional differences.  The US queries were 
more homogenous, longer queries with more words and a long tail of unique terms 
despite the similarity in category.  Some variations among interfaces are seen and may 
be attributable to capabilities of devices.  The authors conclude that “we believe mobile 
users are still figuring out ways they can utilize the new device and services, and their 
usage pattern is still evolving” (p. 266). 
Another study by Church, Smyth, Bradley and Cotter (2008) looking at European 
mobile search patterns involved around 6 million search requests representing more 
than 260,000 unique mobile searchers.  Data was collected over a 7 day period in 2006 
and the authors compared study design characteristics with Kamvar and Baluja (2005, 
2007) and Baeza-Yates et al. (2007) in Table 1—12. Important strengths of this 
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approach included a click-thru analysis (a surrogate for search success), a large dataset 
and multiple search engines. 
Table 1-12. A comparison of summary statistics (approximate) for existing mobile 
search studies. Reprinted from Church, K., Smyth, B., Bradley, K., & Cotter, P. (2008). A 
Large Scale Study of European Mobile Search Behaviour. Proceedings of the 10th 
international conference on Human computer interaction with mobile devices and 
services, 13-22. Amsterdam, The Netherlands,: ACM Press. Copyright 2008 by the ACM 
Press. Reprinted with permission. 
 
The Top 500 queries were classified according to whether they were informational 
(10.2%), navigational (29.4%) or transactional (60.4%) in nature.  These data differ 
significantly in proportion from typical web search classification. For example, Jansen, 
Booth and Spink (2008) report percentages from their automatic classification of web 
queries as informational, navigational or transactional of 80.6%, 10.2% and 9.2% 
respectively.   
Included was an investigation into click-thru behavior in order to try to measure 
success (click-thru has been used as a crude surrogate for success).  What they find is 
that, for almost 90% of queries, no results are selected.  Approximately 12% of Google 
queries are successful by this measure and among unique Google queries, 
approximately 24% lead to at least one click-thru.  At the session level, about 41% 
result in selection of a search result.  Of these, “35% of result selections lead to follow-
on browsing with an average trail length of approximately 2.7” (p. 21). In sum, key 
differences are observed between unique searches, user searches, session searches and 
all searches suggesting that there is significant room for improvement.  It may be that 
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click-thru is not always necessary to meet the information need of the user; browsing 
may be satisfying some of these needs with improved applications for mobile users.   
Church et al. (2008) conclude that “the vast majority of searches (almost 90%) 
fail to attract result selections from the searcher, a strong indicator tha the searcher is 
failing to find relevant information within the result-list” (p. 9). They also describe 
mobile search as still in its infancy, that adult content still prevails and that mobile 
searching is analogous to desktop search in that short queries are used and the first few 
results are crucial.  They also note that topics and taxonomies differ (adult content and 
transactional/navigational intent) and that search engines are not tailoring interfaces to 
mobile users which results in poor link selection at the search result stage. 
On the topic of interaction style and the impact this has on search among mobile 
device users, the authors indicate that “It is interesting to note that despite the text-
input challenges presented by mobile devices, mobile searchers do appear to submit 
similar length queries to those used in Web search, at least during the early years of 
Web search when average query lengths were reported to be in the region of 2.3 terms” 
(p. 1). This is followed by the note that “of course the arrival of next-generation touch-
based displays offers a whole new set of interaction modalities” (p. 9). 
 Concerned about the amount of time it takes a typical mobile phone user to enter 
in a set of query terms, Kamvar and Baluja (2008) conducted an experiment examining 
the effect of query suggestion on mobile users.  Users of Motorola RAZR phones were 
recruited and each user was assigned one of six different interfaces providing query 
suggestions.  Users were instructed to enter predefined query topics and avail 
themselves of the query suggestion system.  The NASA Task Load Index (see List of 
Abbreviations and Terms for more details) was used to measure workload and 
information on their query habits was recorded.  Of the users who were shown 
suggestions, 100% accepted at least one suggestion. For the most part, suggestions 
appeared to be accepted quickly. The authors observed that it was hard for users to 
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make the cost-benefit analysis of time saved in the keystroking process while entering a 
query versus accepting a query suggestion.  Fewer suggestions seemed to improve the 
odds of a user selecting one and the movement of suggestions in the list hindered 
acceptance.  Comparing these findings with other devices and desktop systems was 
recommended. 
Wishing to investigate search pattern differences among devices, Kamvar, Patel 
and Yu (2009) conducted a web transaction log analysis of the search patterns of 
desktop, iPhone and conventional mobile phone users.  During a 35-day period in the 
summer of 2008, a random subset of 100,000 queries representing 10,000 users were 
collected for each interface.  The data were limited to search users submitting English 
language queries.  Table 1—13 summarizes results across the three devices. 
Table 1-13. Single-session user statistics. Reprinted from Kamvar, M., Kellar, M., Patel, 
R., & Xu, Y. (2009). Computers and iPhones and Mobile Phones, oh my! Human Factors, 
801-810.  Copyright 2009 by the ACM Press. Reprinted with permission. 
 Computer iPhone Mobile 
Percent of users who engaged in one search session over 
the 35-day period 
29.4 22.89 42.6 
    
Average number of queries per search sessions 1.88 1.89 1.74 
    
Average characters per query 18.00 16.04 15.86 
    
Average words per query 2.795 2.589 2.489 
 
This was an extensive comparison of search users which suggested that search 
usage is more focused for the average mobile user than the average desktop user.  They 
found that search on high end phones resembled that of desktop use and that query 
length on the iPhone was similar to that of the desktop.  Desktop and iPhone search 
query diversity appeared to be similar as did the frequency of unique queries. Mobile 
phone query length was shorter and queries were less diverse.  It was assumed that 
iPhone users were more likely to use tailored applications for contextual content (rather 
than Google search) in part because iPhone and desktop contextual searching was 
similar. Significantly less than on the mobile phone, iPhone adult content searches were 
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more similar to desktop searching.  Interestingly, the diversity of information needs per 
user was greatest among the iPhone users.  Desktop users still showed the highest 
number of queries per session per user followed by iPhone users then mobile phone 
users.  Frequency of search followed the same pattern being highest among desktop 
users, then iPhone and mobile phone.  From this, the authors concluded that mobile 
search is still a secondary mode of searching and make the following important 
recommendation: 
 “We suggest that for the higher-end phones, a close integration with the 
computer-based interface (in terms of personalization, standard and available 
feature set) would be beneficial for the user, since these phones seem to be 
treated as an extension of the users' computer.” (Kamvar et al., 2009, p. 801) 
 
In an effort to better understand mobile user intent, Church and Smyth (2009) 
conducted a four-week diary study of mobile information needs.  Their focus was on 
topics of interest and the impact of contextual factors like location and time.  Significant 
findings of the study included a modification of the three classifications of mobile search 
from the traditional web search model of transactional, navigational and informational to 
informational, geographical and personal information management (PIM).  The 
distribution by diary entry and a comparison between mobile and non-mobile are 
indicated in Tables 1—14 and 1—15. 
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Table 1-14. Results of classifying diary entries by intent and Percentage of diary entries 
associated with each goal/intent(i.e. informational, geographical, and PIM). Non-mobile 
refers to entries generated while the user is at home, at work or in college, while mobile 
refers to entries generated in all other instances, e.g. commuting, traveling, etc, 
respectively. Reprinted from Church, K., & Smyth, B. (2009). Understanding the Intent 
Behind Mobile Information Needs. IUI'09, 247-256. Copyright 2009 by Church & Smyth. 
Reprinted with permission. 
 
Table 1-15. Results of classifying diary entries by intent and Percentage of diary entries 
associated with each goal/intent(i.e. informational, geographical, and PIM) by the 
location context (i.e. mobile and non-mobile). Non-mobile refers to entries generated 
while the user is at home, at work or in college, while mobile refers to entries generated 
in all other instances, e.g. commuting, traveling, etc, respectively. Reprinted from 
Church, K., & Smyth, B. (2009). Understanding the Intent Behind Mobile Information 
Needs. IUI'09, 247-256. Copyright 2009 by Church & Smyth. Reprinted with permission. 
 
Another interesting finding was that classification of diary entries by topic looked 
much different from that of web search.  Local services, travel and commuting and 
general information were more often indicated than entertainment.  Table 1—16 
provides a complete list. 
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Table 1-16. Results of classifying diary entries by topics. Reprinted from Church, K., & 
Smyth, B. (2009). Understanding the Intent Behind Mobile Information Needs. IUI'09, 
247-256. Copyright 2009 by Church & Smyth. Reprinted with permission. 
 
1.4.5 Search Context 
Context really does appear to be king in mobile search.  But context has many 
facets and an equal number of considerations must be taken into account when 
developing for the mobile context.  This may include the computing environment, user 
environment and location and the physical environment.  From lighting and noise level 
to network connection, interaction devices, and social situation, context can vary 
significantly.  The anywhere, anytime nature of mobile computing really appeals to us, 
despite the fact that most of us follow a very similar path of activity on a daily basis 
(Bayir, Demirbas & Eagle, 2009). 
Dey and Abowd also claim that some elements of context are more important 
than others.  Location, identity, activity and time are the primary components of context 
and can be expressed as where you are, who you are with, and what objects are around 
you.  Context aware applications are ones that use “context to provide relevant 
information and/or services to the user, where relevancy depends on the user’s task.” 
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In their work on mobile search intent, Church and Smyth (2009) uncovered just 
how significant a factor context is in mobile search.  Reshaping the long accepted 
classification of web search from queries of informational, transactional or navigational 
intent to queries of information, geographical or PIM intent, mobile search is indeed 
different from web search.  Supporting the frequent call for search interfaces tailored to 
mobile use, Church and Smyth (2009) focus on contextual cues beyond location and 
time to activity and social interaction/conversation. 
1.4.6 Improving mobile search 
In their work, Jones, Buchanan and Thimbleby (2002) focused on search failures 
and how to improve them.  Comparing a WAP browser to a PDA style interface and the 
Google ‘classic’ interface, one of the most significant differences in search using a small 
screen is a limited result set.  Users took almost twice as long on average to perform the 
same searching task using the WAP browser and tended to be less successful.  For the 
PDA interface, search was more similar to that of the ‘classic’ interface and differences 
were found to be insignificant.  When users failed to complete a search task using all 
three interfaces, they failed badly, taking 2-3 times the amount of time as successful 
searches.   
Jones, Jones and Deo (2004) conducted a study investigating the use of 
keyphrases, particularly when metadata is not available, as search result surrogates for 
small screen devices.  In testing the keyphrase surrogate against a title surrogate 
among users of a small screen device, the authors found that categorization was roughly 
equal for each type of surrogate.  What is more important, perhaps, is that the 
keyphrase surrogate can be especially helpful in the absence of good metadata or in 
cases where a title is poorly constructed or highly domain-specific. 
Bila et al. (2007) investigate the value of increased customizability to improve 
search interaction on mobile devices. They use a technique called Reusable End-User 
Customization (REUC) developed in a software tool format, PageTailor, to store a user’s 
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page preferences for a given web site and apply those parameters whenever that page 
is presented.  Execution time on the PDA is compared with that of a desktop system to 
illustrate where improvements might be sought.  The big advantages to this are 
improvements to readability and usability of favorite or frequently accessed sites over 
time.  Disadvantages include significant time investments to ‘tailor’ the page the first 
time and problems with links and underlying code in the restructuring process.   
List based search interfaces are compared with (Conceptual Reorganization of 
Documents) CREDO by Carpineto, Mizzaro, Romano and Snidero (2009).  Their findings 
on the use of Credino and SmartCREDO (tools developed based on CREDO) for PDAs and 
cell phones (respectively) suggest that, for subtopic queries, clustering search results 
can be at least as effective as more traditional search engines.  In addition, though their 
findings suggested that the smaller the device, the poorer the search retrieval, mobile 
search can be facilitated when retrieval clustering is employed. 
In a pair of papers with some shared authorship, the notion of focusing on 
answers rather than questions in the search process on mobile devices is explored.  To 
test this notion, Jones, Buchanan, Harper and Xech (2007) provided a list of queries 
specific to a user’s location and presented this to a test group.  These ‘in situ’ queries 
were found to be positively influential with the testing group.  In the ‘companion’ paper, 
Arter et al. (2007) evaluated their prototype application QnotA, based on the answers 
not questions approach.  The tool provides the user an alternative to the traditional 
search/browsing experience and provides location specific searches performed by other 
users.  While some searches were considered too generic to gain much interest from the 
test group, many searches were deemed specific and interesting enough to be useful.  
Though subjects were ‘local’ to the areas of interest, most reported learning something 
from the queries. 
Church and Smyth (2008) aptly state that “Limited screen-space, restricted text-
input and interactivity, and impatient users all conspire to exacerbate the shortcomings 
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of modern Web search” (p. 309). In an effort to overcome this, the authors proposed a 
prototype search interface aimed at combining location, time, and community 
preferences to improve mobile search.  Query and result selections for a specific 
geographic area were mapped with yellow and red balloons, respectively.  In addition, 
users could access either of two slider bars at the bottom of the screen adjusting for 
temporality (earlier > now), and query similarity (broad > narrow).  This allowed the 
user to constrain the ‘community’ focus of the search. 
1.5 Research Problem 
 An information age is upon us.  In no other sphere is this as evident as in the 
world of mobile devices.  From the quantity of available hardware, software and network 
options to the magnitude of data being generated by mobile devices right now across 
the world, nothing else compares.  The notion of a personal communication device has 
universal appeal, regardless of an individual’s level of prior experience, income or 
education.  The mobile device has reached people in places where technology has not 
gone before from the African savannah to the mountains of Nepal.  Designers, 
manufacturers and researchers alike proclaim ease of use, user centered design, focus 
on the user experience and technological improvements in battery life, display 
resolution, and wireless network infrastructure to be key factors in the uptake of mobile 
devices.  They are indeed, the first piece of technology of any kind to break through to 
the ‘bottom billion’.  Will mobile devices completely supplant traditional computing 
devices and transform our current notions of how computers should look, feel and be 
interacted with? 
1.5.1 Research Context 
 As small form factor display devices become ubiquitous, specialized applications 
that leverage the resident featureset of these devices have increased.  Although they 
sometimes offer significant improvements in usability, specialized applications can be 
 82 
 
associated with other types of usability ‘overhead’ like application and library 
management or novel interactions.  Browsers appear to still be an important choice, 
even for smartphone users, because they are consistent across platforms AND they 
leverage the resident featureset of each display device.  The vast majority of electronic 
content is currently available primarily through browsers in a format designed for the 
desktop environment.  Increasingly, users are looking for ways to access this 
information across platforms of varying display size and interaction technique. 
 While much prior research has investigated the utility of a given application or 
the usability of a display device, less work has been done looking at the performance of 
broader tasks using mobile devices.  Tasks like keyword searching, Within Document 
searching and Exploratory searching which are now plausible to perform on mobile 
devices are well studied at the desktop but not well studied in the smaller display 
context.  Typically, these types of tasks are facilitated by more generalized applications 
(e.g. e-readers and browsers) to provide the ability to access content in a variety of 
forms.  Content presentation remains a significant factor in successful task completion 
when display size is small and interaction technique is complicated.  So, though it has 
become much easier to perform these tasks using mobile devices, it remains difficult.  
For these types of tasks, there is a ‘transition zone’ where the bulk of information and 
information seeking lies and the ability to optimize information seeking success remains 
elusive. 
 In Table 1—17, a range of typical tasks performed using computing devices is 
presented.  The relative usability of the desktop, tablet and smartphone devices for 
these types of tasks is indicated.  The desktop, tablet (iPad, Kindle, Nook and other e-
reading devices included) and smartphone via browser conditions include content 
formatted for the desktop served up by a standard browser for the given display device.  
The smartphone application condition includes applications that optimize both display 
size and device features (interaction technique and sensors).  Details in this table 
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represent a possible framework drawn from research and market data as well as 
observations. 
Table 1-17. Typical tasks broken down by display device and general usability.   
Task Desktop Tablet Smartphone 
via Browser 
Smartphone 
Application 
Example 
Monitoring 
   Weather     Weather 
Channel 
   RSS feeds     Google 
Reader 
   Stock Quote     Stock 
Quotes 
   Sports Scores     ESPN 
ScoreCenter 
Multimedia 
   Music      
   Videos     YouTube, 
Movies 
   Games     See iTunes 
PIM 
   Social Media     Facebook, 
Twitter 
   Email      
Reading 
   Newspapers      
   Magazines      
   Books     e-Readers 
Information seeking 
   Browsing Web      
   Purchasing search      
   Purchasing transaction      
   Form fill-in  
   (advanced search) 
     
   Scholarly Searching      
   Domain specific  
   Information Searching 
     
 
                                               Legend: 
Easy Possible Difficult Not Available 
 
 The ‘transition zone’ is depicted in Table 1—17 as shaded areas representing 
tasks commonly performed at the desktop which are still not performed as successfully 
on mobile devices.  Though the central issue is smaller display size, typically two 
techniques are employed to overcome this: improved interaction techniques (e.g. pan 
and zoom) to resize the fixed object (a web page, a .pdf file, an image, etc.) or 
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separation of content from presentation to re-draw the content in a format suited to the 
display size. 
1.5.2 The Technology Paradox 
Jacob et al. (1993) state that “The bottleneck in improving the usefulness of 
interactive systems increasingly lies not in performing the processing task itself but in 
communicating requests and results between the system and its user” (p. 1). This 
statement presaged the current dilemma in mobile computing today.   
According to Jacob et al. (1993), we continue to struggle with the ‘demand-pull’ 
versus ‘technology-push’ of user interface design in the development of new and mobile 
computing technologies.  Driven by market forces and perceived user preferences, not 
necessarily human-centric design, technology developers are almost ambivalently 
barreling down two paths: one where personal technology devices appear to be 
converging into a single primary interface versus one where they are diverging and 
becoming increasingly specialized, even personalized.  More and more designers are 
suffering from featuritis (Chang, Gouldstone, Zigelbaum, & Ishii, 2007) and users from 
feature fatigue (Thompson, Hamilton & Rust, 2005). From skins and ringtones to Global 
Positioning Systems (GPS) and altimeters, the sea of possible ways to use and 
customize personal computing devices is limitless.  Though the mouse and keyboard 
have been around as the primary interaction devices for desktop and laptop systems, 
these systems and their interaction devices have been eclipsed by the advent of small 
form factor computing and, as a consequence of size, a wide variety of new and 
unproven interaction styles. As complexity increases, the synergy between devices 
breaks down.  For the typical computer user this means that she can no longer take 
advantage of the skills she has developed to interact with one system when interacting 
with another (Yamashita, Barendregt, and Fjeld 2007).  This also works in reverse; a 
newer device with improved interaction may precipitate frustration when integrated into 
a user’s computing suite because other devices in the network do not perform to the 
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same standard.  Because a significant number of users now own and [want to] 
synergistically operate between a desktop, laptop, tablet, and sometimes multiple 
mobile devices, identifying a simple straightforward set of interface standards could 
significantly enhance this interaction. 
With the advent of the personal computer came the keyboard, mouse and 
display.  Since that time, the variations on these three forms of input have been 
substantial.  From the joystick to the Wii glove, modern technology has sought to 
translate human gestures into recognizable and meaningful human-computer 
interactions.  Though the focus to date has been on keyboards, typing, mousing and a 
visual interface, more recent trends are focusing on handwriting and voice recognition, 
gesturing and multi-touch interaction as well as virtual reality and projection systems.  
Indeed, there is a need for a ‘paradigm shift’ in interaction styles, techniques and 
devices where mobility, ubiquity and computing devices are concerned (Lumsden & 
Brewster, 2003). 
Beyond mere adoption, technological advancements have pushed us toward an 
ever-increasing paradox: the challenge of complexity.  Mahler and Weber’s (2008) 
‘Paradox of Technology’ (see Figure 1—7) illustrates how we are bound by the continual 
development of new features to solve old problems.  Mobile devices have become 
increasingly complex in an attempt to address the tension between small display size 
and the resulting interaction style for a mobile context. 
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Figure 1-7. Titled “The Paradox of Technology”.  Reprinted from Mahler, T., & Weber, 
M. (2008). Mobile Device Interaction in Ubiquitous Computing.  Advances in Human-
Computer Interaction, 311-330. Copyright 2008 by Mahler & Weber.  Reprinted with 
permission. 
 
It is broadly recognized that the greatest weakness of mobile devices is directly 
related to their greatest strength: small display size. Despite their unprecedented uptake 
and use, it remains unclear whether mobile devices are really capable of supplanting 
traditional laptop or desktop computers for a significant number of tasks.  While most 
manufacturers and wireless carriers have overcome the limitations of battery life, 
operating system failures, software availability, network availability (data and voice) and 
cost, significant issues still remain.  Increasingly, consumers are experiencing feature 
fatigue—frustration with the complexity that additional features can promote, interaction 
issues (like that of a virtual keyboard) and display size limitations.  There remain a 
significant number of tasks which seem quite difficult to perform on a mobile device:  
composing music or a term paper, working on architectural drawings, performing a 
financial analysis, reading an X-ray, conducting scholarly research, etc.  These, even, 
are extreme examples.  Over the last decade researchers have been trying to better 
understand use of mobile devices for Internet searching. In so doing, it is clear that both 
display size and interaction issues remain the single biggest barriers to extension of use 
beyond simpler personal information management tasks such as email, texting, 
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maintaining contact lists and a calendar.  Still, mobile devices are poised to become a 
primary means of accessing the Internet. 
With the advent of multi-touch devices with small form factor, portability and 
high resolution displays like that of the iPhone/iPod touch, a question about computing 
device replacement or surrogacy has arisen.  The reason this technology is pacesetting 
is not due to increased screen real estate (which remains small), rather it is the pinch 
and zoom resizing options that make web browsing with or without user interface 
modifications finally plausible.  Since the first appearance of web browsing in the mobile 
environment, efforts have been made to improve the user experience through design of 
web pages, software, and interaction devices. Today, the topic has shifted to 
fundamental improvements in device design and human computer interactions which 
would facilitate improved interaction without requiring the tailoring of the content for 
different display devices. 
For the last decade, mobile phone technologies have been the fastest growing 
segment of the technology market.  While the debate about whether computing 
technologies are converging into a single device for the majority of users or diverging 
into increasingly specialized and sophisticated tools wears on, the issue of adoption and 
sustained use remains centered on two pivotal human computer interaction factors:  
display size and interaction style.  For some, the availability of features in any given 
computing device today can be so overwhelming as to cause feature fatigue.  This 
combined with myriad differences in display size and interaction styles creates an 
environment where research and development are consistently confounded by significant 
variability among devices within these factors alone.  The research outlined here seeks 
to understand more about the execution portion of task performance on a range of 
computing devices. 
It is important to determine where and how efficiency, measured as task 
execution time, varies for an important subset of information searching tasks, across 
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‘best in class’ display devices in popular use.  Fundamentally, we do not know what the 
real efficiency cost is to perform a similar information search task on a smartphone (iPod 
Touch) versus a tablet (iPad) versus a desktop (gold standard).  The provision of that 
information could inform design strategies to provide a more commensurate experience 
across platforms. 
1.5.3 Research Questions 
To begin to understand the cost of efficiency when moving from one device to 
another, it is important to look at fundamental interaction.  A comparison of similar 
tasks performed on each device under similar testing conditions was undertaken.  The 
goal was to model searching tasks typically performed at the desktop, Within Document, 
Known Item and Exploratory searching, and measure aspects of task performance. The 
fundamental research questions for this study were: 
 
RQ: To what extent is information searching (web and document) typical of the desktop 
environment commensurate across the display devices and how do factors like display 
size, pagination technique, and generic versus mobile website contribute to this?  
RQ1 For the Within Document task: How do display size, pagination 
technique and task complexity affect task execution time, task load and usability? 
RQ2 For the Known Item Task:  How do display size, the use of a generic 
versus a mobile website and task complexity affect task execution time, task load 
and usability? 
RQ3 For the Exploratory Task:  How do display size and task complexity affect 
task execution time, task load and usability? 
  
 
2 Research Design and Methods 
To address these research questions, the basic experimental design involved the 
use of three devices: a desktop system, a tablet (the Apple iPad was used) and a 
smartphone (the Apple iPod was used as a surrogate).  Each participant was asked to 
perform tasks according to a specified protocol which involved a rotation of devices 
(random) and an order of tasks (consistent for all devices).  This meant that each 
protocol involved repeated measures for a participant.  The aim was to ensure that 
direct comparisons could be made within each task for the impact of display device and 
interaction technique on task execution time, task load and usability.  Factors like 
experience, application differences, connection speed and between subject variation 
were controlled for. 
A primary component of analysis was task execution time, a measure first 
introduced in the early work of Card, Moran and Newell in their seminal work, “The 
Psychology of Human Computer Interaction” (1980).  The Keystroke Level Model, the 
simplest of the GOMS models, comprised a set of interactions or ‘operators’ that 
contributed to the total task execution time.  A critical element of using the keystroke 
level model, is to keep cognitive overhead as low as possible.  To do this, Card, Moran 
and Newell used experienced subjects and tasks at which they could be assumed to be 
expert.  To emulate these tenets, this study recruited participants with prior experience 
and provided training on the use of the device as well as the performance of the task.  
In addition, the tasks were constructed to minimize cognitive load.  Two main efforts 
helped address this: one was to keep the sequence of steps to perform the task simple 
enough to require little effort, the other was to frame realistic tasks.
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In addition to task execution time, both task load and usability data were 
captured.  The NASA Task Load Index is a well studied and thoroughly tested instrument 
for applications such as this.  The usability data were generated at the end of testing 
and were designed to capture an overall impression once all testing was completed.  
Again, the usability questions were derived from well established and well studied 
usability questionnaires. The Mobile Phone Usability Questionnaire (MPUQ) (Ryu, 2005) 
served as the main guide as it already brings together the prominent usability 
questionnaires.  Interview data was also collected, primarily to acquire impressions that 
may not have been expressed through the other data collection methods. 
2.1 Experimental Procedure 
The basic experimental procedure is outlined in Figure 2—1.  Every participant 
performed every task on every device yet each protocol was randomly assigned to a 
participant.  As the flowchart indicates, each participant completed an initial screening 
via email and was assigned a protocol upon arrival which guided them through each 
element of the study.  After the study details were reviewed, each participant then 
signed a consent form and completed a demographic questionnaire and some 
preliminary training.  A web based version of the protocol was used as a guide to help 
marshall each participant through the elements of the study.   
  
 91 
 
 
            
     ,  
                     
Figure 2-1. Flowchart of the Experimental Procedure. 
 
 
Recruitment
Email screening
Enrollment + 
Demographic survey
Protocol Begins
WD: train, 
test, TLX, 
TLX comp
KI: train, 
test, TLX, 
[TLX comp]
EXP: test, 
TLX
TLX for task/device
Usability survey
Interview
x 2 
x 2 
x 3  
For scrolling versus paging 
Mobile only 
For full versus mobile 
For the three devices 
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After initial training on the first device for the Within Document task (tasks were 
given in the same order regardless of device order for the entire study), each participant 
would complete training tasks (3) and testing tasks (5) before moving on to the next 
condition (scrolling or paging which was also randomly assigned in the protocol).  Then, 
training was provided for the Known Item task followed by training tasks and testing 
tasks.  Under the mobile device condition, participants would also complete the generic 
website versus mobile website condition tasks and finish with a single Exploratory task.  
Then the participant would move to the next device in the protocol and begin the 
training/testing process again.  At the end of each block of testing tasks (e.g. the Within 
Document scrolling tasks on the iPod), a modified version of the NASA Task Load Index 
questionnaire was administered.  A comparison version of the NASA Task Load Index 
questionnaire was also administered for pagination technique on each device when the 
Within Document testing was completed, for generic website versus mobile website on 
the mobile device when Known Item testing was completed and comparing the three 
devices at the end of testing.  At the end of testing on all devices, a usability 
questionnaire and semi-structured interview were administered. 
2.2 Setup 
 
 The study was conducted in March of 2012 on the University of Washington 
campus.  For simplification, we refer to the Within Document portion as the Within 
Document study, the Known Item portion as the Known Item study and the Exploratory 
portion as the Exploratory study.  Both qualitative data and quantitative data were 
collected for each portion of the study. 
 Quantitative data for task execution time were generated using TechSmith’s 
Morae 3.1 which was used to record the actions of the participants.  A Wii remote was 
used to log begin and end points of tasks in real time, the task execution time.  At the 
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desktop, quantitative data for task load was collected throughout the protocol using 
Qualtrics web-based questionnaires with a Likert response scale.  At the end of testing, 
quantitative data for usability was also collected using a Likert scale at the desktop.   
All participants received the same training on each display device for the Within 
Document and Known Item tasks and performed all of the task trials according to their 
assigned randomized block.  Additional qualitative data were collected through an 
interview which followed each participant’s testing session.  A picture of the basic setup 
is included below as Figure 2—2.  
 
 
Figure 2-2.  Picture of sample setup to show basic configuration of devices. 
 As can be seen in the setup in Figure 2-2, the lab environment was 
constructed with three basic workstations all fairly close together.  The desktop 
workstation served the three purposes: facilitating electronic data capture via 
questionnaires, management of the video capture process and as the desktop testing 
station.  Webcam HD cameras were mounted using flexible arms to capture 
streaming video of the downward view onto the mobile devices.  A frontal camera, 
also an HD webcam, was used to capture streaming video of the participant as they 
completed each task trial.  Morae Recorder was running on the desktop and was used 
for the streams from the additional cameras.  All data was stored on an external hard 
drive and copied to two other locations to ensure no data loss. 
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 Figure 2-3, Figure 2-4 and Figure 2-5 show examples of the video captured on 
each participant at the desktop, on the iPad and on the iPod.  In the image for the 
Tablet (middle), the task card is shown on the right.  This is an example of the task 
cards used throughout the study which provided the prompt necessary for the 
participant to complete the task. 
 
Figure 2-3.  Screen shot of participant performing a within document task at the 
desktop. Taken from actual data captured to illustrate the video that was reviewed for 
task trial performance. 
 
 
Figure 2-4.  Screen shot of participant performing a known item task on the iPad. 
Taken from actual data captured to illustrate the video that was reviewed for task trial 
performance. 
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Figure 2-5.  Screen shot of participant performing an exploratory task on the iPod. 
Taken from actual data captured to illustrate the video that was reviewed for task trial 
performance. 
 
As you can see from these images, both the video of task trial performance 
and the picture in picture capture of the participant as they completed a task trial was 
included in the video.  The goal was to capture actions including gestures on the 
mobile devices and a sense of what the participant might be thinking or experiencing 
while completing the task trial.  This helped to provide a more complete picture of the 
overall task experience across the three display devices. 
2.3 Protocol 
 All participants completed all tasks and were randomized to a given protocol.  
Appendix A details how the counterbalancing was arranged. A ‘base 6’ protocol 
assignment, determined by counterbalancing, was replicated 4 times for a minimum of 
24 participants, our target study sample.  Each protocol was then randomly assigned to 
an enrolled participant.  A detailed web-based protocol document was created for each 
participant to facilitate and marshal the study. A complete sample protocol is included as 
Appendix B. For details on each of the protocols with live links to all of the electronic 
documents, please visit http://www.unc.edu/~marcial/. 
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2.4 Participants 
 Students were recruited, as mentioned, on the University of Washington campus 
via several discipline-specific listservs including the Department of Computer Science, 
the Department of Human Centered Design and Engineering, the iSchool, the School of 
Public Health, the Department of Communications, and the Department of Biology.  
Participants were selected on a first come, first served basis.  A total of 29 college 
students >18 years old participated in this study.  Though our target sample was 24, we 
collected data on 5 additional participants in order to ensure we met our minimum of 24 
even if there was some data loss.  Prior smartphone or tablet experience was required.  
Participants were randomly assigned to a protocol, provided training and all participants 
completed the entire protocol. 
2.5 Task Construction 
 An important aim in task construction was to ensure that participants were 
performing at the expert level after training.  This required that the tasks themselves 
require little to no cognitive load to perform once trained.  All tasks were centered on 
the health information seeking domain for two primary reasons: 1) it is an area of 
interest and focus for the principal investigator and 2) it is an area of incredible growth 
in terms of online information searching.   
Journal of Medical Internet Research (JMIR) articles were used for the Within 
Document task and National Library of Medicine’s MedlinePlus Medical Encyclopedia 
documents were used for the Known Item task. The Safari browser and a Google search 
prompt were the starting point for health information searches which comprised the 
Exploratory task.   All tasks were developed to be consistent in terms of basic steps to 
complete and level of difficulty (position of text in document, word/phrase selected, 
general format of text). In addition, all tasks were piloted and modified or replaced prior 
to testing.  Some tasks were reserved for replacement as needed.  To be precise, 48 
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tasks were used for Within Document task which left 4 as possible replacement tasks. 
For the Known Item task, only 32 of the total 54 tasks created were used and the rest 
served as possible replacement tasks.  This was due in part to changes made to the 
overall protocol where the generic versus mobile portion of the study was run only on 
the mobile device.  For the Exploratory task, 4 tasks were created, 3 were used and the 
remaining task served as a possible replacement task. 
2.6 Within Document Task 
 The general concept behind the creation of this task was to emulate the finding 
or re-finding of a certain piece of information in a document.  In the academic setting, 
this is probably a fairly routine task.  Though participants had no prior knowledge or 
point of reference for these tasks, the act of finding a specified piece of information was 
familiar enough that the cognitive load to perform them was low. 
A total of 54 JMIR articles were identified for use in the Within Document task 
based on document length, structure and use of jargon/abbreviations. No interaction 
was allowed with figures, charts or other graphics or with hyperlinks.  The purpose of 
this restriction was to avoid any erroneous interaction during the performance of this 
task.  The aim was to develop a corpus of documents which allowed for a somewhat 
commensurate experience across the training and testing task trials.  Fill in the blank 
task trial prompts were created for each document and then tested and evaluated for 
clarity.  These task trials were then balanced on expected time to complete the trial.  
Since the specified information could be at different points in a given document, the task 
trials were arranged into six blocks of eight (three training task trials and five testing 
task trials) which were considered to be fairly well balanced in terms of effort/difficulty.  
 Maintaining consistency in terms of document structure made it possible to 
provide training for participants, which would allow them to complete the testing trials 
without any surprises.  Each participant completed the same 48 unique Within Document 
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task trials: 3 training and 5 testing trials for each of the six display device-pagination 
technique combinations (desktop paging and scrolling, iPad paging and scrolling and 
iPod paging and scrolling).  A complete listing of the Within Document task trials is 
included as Appendix C. 
TASK 1 (WD):  This task trial involved scrolling versus paging through a 
document to find a specified result.  See Figure 2‐6 (a)-(d). 
 
(a)  (b) 
 (c)  (d) 
Figure 2-6 (a)-(d). Example of Within Document task. The sequence of steps is 
provided in a, the first step; locating the heading is demonstrated in b, the second step; 
locating the subheading is demonstrated in c; and the final step, find the missing 
information, is demonstrated in d. 
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 All within document tasks were piloted with a small group of information 
science students.  Participants were observed performing the tasks and issues with 
finding ability including problems with duplicate headings, problems with text position 
(in the margins or on a page overlap), and problems with acronynms or dense text 
were identified and resolved.  This process resulted in refining and/or replacing tasks 
as needed to optimize task performance. 
2.7 Known Item Task 
 The purpose of the Known Item task was to emulate a keyword search performed 
using a typical consumer health information website.  This is a widely performed and 
routine information searching task at the desktop.  Again, an effort was made to ensure 
that this task was simple and familiar enough to introduce little to no cognitive load. 
A group of 54 task trials was developed of which each participant ran the same 
unique 32 trials.  A total of eight task trials (again, three training and five testing) 
comprised each of the 4 blocks for the Known Item task.   The Known Item task was 
more uniform in general than the Within Document task and although also ‘blocked’ 
there was no need to balance the Known Item task trials as was done with the Within 
Document task because little reading was required to perform these tasks.  The Known 
Item corpus was developed from identification of relevant health information topics for 
the adolescent young adult target population.  Once relevant topics were identified, the 
MedlinePlus encyclopedia was used to develop a simple series of steps each participant 
could follow to complete the task trial.  Task performance was recorded for each display 
device with the generic version of the MedlinePlus website (Desktop, iPad and iPod).  In 
addition a comparison with the mobile version of the MedlinePlus website on the iPod 
only was conducted.  A complete listing of the Known Item task trials is included as 
Appendix D. 
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TASK 2 (KI):  This task trial centered around entry of a keyword into the search 
term box of a website, then locating a specified result in a fixed (generic version of 
a website) and flexible (mobile version of a website) format.  See Figure 2‐7 (a)-(f). 
 
(a)   (b)
(c)         (d) 
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(e)        (f) 
Figure 2-7 (a)-(f). Example of Known Item task. This example is using the mobile 
version of web site in the Safari browser. Sequence of steps provided on task prompt in 
(a). 
 As with the within document tasks, all known item tasks were piloted with a 
small group of information science students.  Participants were observed performing 
the tasks and issues with task performance including problems with text entry, 
problems with text position (in the margins or on a page overlap), and problems with 
link list position were identified and resolved.  This process resulted in refining and/or 
replacing tasks as needed to optimize task performance. 
2.8 Exploratory Task 
The Exploratory task was included to provide a more naturalistic impression of 
task performance across the devices.  Since the Within Document and Known Item tasks 
were designed to be highly constrained (to meet the requirements of low cognitive load) 
and to be performed with prior training, it was important to include a task which was 
less constrained for the user.  Again, the prompts for this task centered on the health 
information domain. Each Exploratory task was developed to meet the following tenets 
developed by Kules and Capra (2008) for Exploratory task construction: 
 Indicates uncertainty and ambiguity in information need 
 Suggests knowledge acquisition, comparison, or discovery 
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 Provides a low level of specificity about: the information necessary and how to 
find the required information 
 Provides enough imaginative context in order for the study participants to be able 
to relate and apply the situation 
 
In addition, Kules and Capra (2008) suggest ensuring that answers are not found on the 
first interaction, requiring searchers to interact with the results and/or reformulate their 
queries as well as having searchers search for multiple items. They also suggested, per 
Borlund (2000), that the task comprise “a situation that provides enough imaginative 
context in order for the test persons to be able to relate and apply the situation” (pp. 1-
2). 
 Four possible Exploratory task trials were developed of which only 3 were used. 
The fourth served as a replacement should there be issues with any of the first three.  
For each task trial, a potentially relevant hypothetical health information need about the 
participant or a close friend or relative was presented.  Three recommended resources 
were required to complete the trial.  Some specifications about the information need 
were provided but it was left ambiguous enough to engender different approaches 
and/or responses.  A complete listing of the Exploratory task trials is included as 
Appendix E. 
TASK 3 (EXP):  A loosely outlined task prompt different for each display device 
(desktop, tablet and smartphone) was provided.  See Figure 2‐8. 
 
Figure 2-8. Example of Exploratory task prompt. 
 Exploratory tasks were also piloted with a focus on subject and language 
relevance for the participant—e.g. is the subject of interest and does the language 
used in the prompt reflect a potential ‘real’ scenario.  In addition, some attention was 
given to the instructions provided for each participant to complete this open task.  
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After the piloting phase, it was decided that the participant should be in control of this 
task whether they followed links to perform it or selected results from the search 
result list.   In addition, it was decided that the participant’s judgement about 
completion of the task was sufficient for the task to be considered complete.  This 
meant that there were no ‘right or wrong’ ways to perform this task. 
2.9 Training and Trials 
 Training was provided for both the Within Document and Known Item task in the 
form of an instructional video, a list of study guidelines, and three preliminary task 
trials.  All training and testing task trials were recorded.  For each possible display 
device combination, five unique repetitions (task trials) of each task were recorded. No 
training accompanied the Exploratory task.  Interaction was constrained to right hand 
only (for tablet and smartphone) and the display devices were used on a surface.  A list 
of guidelines/reminders is included as Appendix F and the training videos are included as 
Appendix G. 
2.10  Task Execution Time 
 Task execution times were obtained for all task trials.  All participants were asked 
to say ‘start’ when they were ready to begin a task trial, then flip a task trial prompt 
(card), complete the task trial, and read aloud the missing information indicated on the 
task trial card.  These end points, the time at which the participant announced ‘start’ 
and the time at which the subject began reading the missing information aloud were 
used to measure total task execution time.  These timings were obtained by the 
researcher placing markers in the video using a wii remote configured to work with 
Morae.  This allowed real time annotation of the recorded video and ensured both better 
capture and consistency of the time data. 
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 Analysis of task execution time data took two primary thrusts: the reporting of 
summary information or descriptive statistics on the data set and model building.  
Descriptive statistics consisted of plots along with mean and variance information.  
Model building was done using R’s lme4 package, specifically the linear mixed effects for 
R (lmer) function.  This function handled both the between groups and within subjects 
(random) effects under investigation. Typically, this function defaults to using restricted 
maximum likelihood or REML to fit the model but in our testing REML was set to FALSE 
so maximum likelihood was used.   
Selection of best model fit was done comparing Akaike information criterion (AIC) 
values, where AIC difference values of less than two points (between any model pair) 
were selected based on parsimony (selection of the simplest model which could explain 
the variance observed per Burnham and Anderson (2002)). In the model testing 
process, the two variables of interest directly related to our original hypotheses, display 
device (screen size) and pagination technique (scrolling versus paging) for Within 
Document and generic website versus mobile website for Known Item, were 
investigated.  To these we added two variables which might have also played a role in 
the overall variance: gender and group (a variable drawn from reported major post hoc).  
Tests of significance were done using particle Markov-chain Monte Carlo methods 
(pMCMC).  This is a random walk process used to re-estimate the coefficients produced 
by the model. 
 To directly address the stated hypotheses for this study, post hoc Tukey tests 
were performed on the best fit model data.  These tests give a clearer sense of 
measures of significance for the effects within factors.  These tests of significance are 
drawn post hoc from the model data. 
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2.11  Questionnaires 
 Several different questionnaires were administered throughout the study.  For 
details on which questionnaire was administered when, please refer back to the 
flowchart in Figure 2‐1.  A demographic questionnaire was completed at the beginning of 
each study session.  The NASA task load was adapted and used in three different forms: 
a basic form administered after each testing block was completed; a pairwise form after 
each display device pair (pagination technique for the Within Document task and generic 
versus mobile website for the Known Item task) was completed and a triplet form 
comparing devices for each task type after all tasks were completed.   
In all, the basic form was administered for each of the Within Document 
combinations (6), for each of the Known Item combinations (4) and for each of the 
display devices (3) by task type for a total of thirteen forms per participant.  The 
pairwise form was completed three times for the Within Document task to compare 
scrolling versus paging on each display device and one time for the Known Item task to 
compare the generic version of the MedlinePlus website versus the mobile version for a 
total of four times per participant.  The triplet form was completed once per task type-
display device combination or three times per participant. A usability questionnaire was 
also completed at the end of testing just prior to the semi-structured interview.  In sum, 
each participant completed twenty-two individual questionnaires. 
 Analysis of Likert scale data took two primary thrusts: 1) the reporting of 
summary information or descriptive statistics on the data set and 2) model building.  
Descriptive statistics consisted of bar plots to depict the range and variation in 
responses to individual questions in the questionnaires.  In addition to this, response 
values were summed across a participant and this summed value (ordered factor) was 
used for model building.  Like the task execution time data, model building was done 
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using R’s lme4 package (R Core Development Team, 2008), specifically the general 
linear mixed effects for R (glmer) function. 
2.11.1  Demographic Questionnaire 
 At the beginning of each study session, participants were asked to complete a 
web-based (Qualtrics) questionnaire capturing the following details:  age, gender, 
confirming they were a currently enrolled student with prior touchscreen device 
experience, hours per week they used a touchscreen device, how often they used a 
touchscreen device for Internet searching, their major, their prior tablet use and their 
current computing or mobile device. A total of 29 demographic questionnaires were 
completed.  Demographic questionnaire items are included in Appendix K. 
2.11.2  NASA Task Load Index (TLX) 
 At the end of each testing block a Qualtrics based adaptation of the version of the 
NASA Task Load Index (Hart and Staveland, 1988) was administered at the desktop.  
The questionnaire consisted of 4 questions with a 5-item Likert-type response scale (Not 
At All, Slightly, Moderately, Very, Extremely) which was used to acquire information 
about perceived task load for every block combination.  The questions were: 
1. MENTAL DEMAND: How challenging was the task? 
2. PERFORMANCE: How successful were you in accomplishing what you were asked 
to do? 
3. EFFORT: How hard did you have to work to accomplish your level of 
performance? 
4. FRUSTRATION: How insecure, discouraged, irritated, stressed, and annoyed were 
you? 
 
 The shortened version helped ensure a focus on the areas of greatest expected 
load and, important for a study of this complexity, helped to keep the protocol shorter 
than it would have been if the entire task load index was administered.  The goal was to 
keep the study to a single visit for the participant in order to complete the protocol 
comfortably.  The choice to use a 5-item Likert response scale rather than the rating 
system original to the task load was primarily to facilitate electronic data capture 
(harder to do with a 21 gradations on a scale) and to minimize confusion. 
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 In addition to measuring task load after the completion of each testing block, 
relative task load for pagination technique, generic versus mobile website and display 
devices was assessed.  For these measures, participants were forced to ‘choose one’.  
So, scrolling or paging on each display device had to be preferentially selected for the 
Within Document task as well as mobile versus generic web site on the mobile device for 
the Known Item task.  For the display device task load, one of the three display devices 
had to be selected as the ‘best option’ for each of the 4 items based on task type.  For 
example, for the question regarding mental load to complete the task, the participant 
had to select either scrolling or paging for the desktop that is, which one, scrolling or 
paging, resulted in a greater mental load. Per participant, the four item task load would 
be administered 20 times.  Of these, 13 were for each testing block, 4 were for 
comparing pagination techniques (3, 1 for each display device) and comparing generic 
versus mobile website on the mobile device (1). An additional 3 task load questionnaires 
compared display devices for each task type.  
2.11.3  Usability 
 At the end of testing, participants were also asked to complete a usability 
questionnaire, with questions adapted from the MPUQ (Ryu, 2005).  This 8 item 
instrument employed the same 5-item Likert-type response scale as the task load 
survey.  Where applicable (6 of the 8 items), participants were asked to rate each 
display device by task for each usability question on the Likert-type response scale.  This 
resulted in 60 responses for each usability questionnaire. A total of 29 usability 
questionnaires were completed. Two of the questions required the participant to select a 
display device (desktop, tablet or mobile) from the list in response. 
1. Did this device enable the QUICK (speedy) performance of EACH TYPE of task? 
2. Does this device enable the EFFECTIVE (successful) performance of EACH TYPE of 
task? 
3. Does this device enable the ECONOMICAL (best effort for outcome) performance 
of EACH TYPE of task? 
4. Does interacting with this device for EACH TYPE of task require a lot of mental 
effort? 
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5. For EACH TYPE of task, is it easy to navigate between menus, pages, and 
screen(s)? 
6. Has using this product changed your mind about whether you could do EACH 
TYPE of task with it? 
7. Are the input and text entry methods for this device easy and usable?* 
8. I liked using the interface of this system.* 
*added during testing 
2.12  Interviews 
 In preliminary testing, it became clear that participants could experience 
individual preferences or issues that might not be captured fully using our established 
methods:  TET, task load and the usability survey.  To address this, a semi-structured 
interview was conducted once all other testing was complete.  Each participant was 
asked the same interview questions (9 total, 6 original and 3 added during testing) and 
responses were transcribed in real time by the PI.  A total of 29 semi-structured 
interviews were completed.  The interview questions are included below: 
1. What is your overall impression of the impact of screen size on task 
performance?  
2. What is your overall impression of the impact of pagination technique (scrolling 
or paging) on task performance? 
3. What is your overall impression of the impact of screen size on device usability? 
4. What is your overall impression of the impact of pagination technique (scrolling 
or paging) on device usability? 
5. What is your overall impression of the difference between the generic site and 
the mobile site format on the mobile device?* 
6. What is your overall impression of the Exploratory search across the three 
devices?*  
7. Did device presentation order matter?* 
*added during testing 
2.13  Data Characteristics 
Four main types of data were collected: demographic information, experimental 
data including task execution times as repeated measures, survey responses on task 
load and usability and interview data.  A summary of the types of data collected and the 
corresponding analysis is included in Table 2—1. 
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Table 2-1. Detail of data collection elements and their type, vehicle for collection and 
format. 
 
Protocol Item Data Type Vehicle Format 
Demographic survey Mixed Qualtrics Mixed  
Display device 1 
 Task Execution Time for the Within 
Document Task, Pagination Technique 1 
Quantitative Morae Time 
 Task Load for block Qualtrics Likert 
Task Execution Time for the Within 
Document Task), Pagination Technique 2 
Morae Time 
 Task Load for block Qualtrics 
 
Likert 
 Task Load for pagination technique 
comparison 
Binary  
Task Execution Time for the Known Item 
Task, Generic versus mobile website for 
mobile device 1 
Morae Time 
 TLX for block Qualtrics Likert 
[Task Execution Time for the Known Item 
Task, Generic versus mobile website for 
mobile device 2] 
Morae Time 
 [Task Load for block] Qualtrics 
 
Likert 
 [Task Load for generic versus mobile 
website comparison] 
Binary 
Task Execution Time for the Exploratory 
Task 
Morae Time 
 Task Load for block Qualtrics Likert 
Repeat for Display device 2 
Repeat for Display device 3 
Task Load for display device comparison 
(Within Document) 
Quantitative 
 
Qualtrics 
 
Nominal  
  
Task Load for display device comparison 
(Known Item) 
Task Load for display device comparison 
(Exploratory) 
Usability survey Likert 
Semi-structured Interview Qualitative Text 
 
[] = if applicable 
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3 Results 
The results sections that follow are organized by task type and data type to 
facilitate analysis and interpretation.  For each task type, Within Document, Known Item 
and Exploratory, data on task execution time, task load, and usability are reported.  The  
section entitled Modeling Approach outlines the details of the modeling analysis for each 
data type. For each task type, all results (each data type, task execution time, task load 
and usability) are summarized for comparative purposes.  Separate sections on 
interview data and summary statistics of data looking across task type are also included. 
3.1 Summary of data 
 Table 3-1 provides an overview of the data analyzed in this study.  Demographic 
data, and interview data are reported separately for the overall study.  The data types 
covered in each task type section are highlighted here. 
Table 3-1. Summary of data by task type. 
Overall Within Document Known Item Exploratory 
Demographics 
Interview 
Task Execution Time 
display device + 
pagination technique 
Task Load block 
Task Load pagination 
technique comparison 
Task Load display 
device comparison 
Usability 
Task Execution Time display 
device 
Task Execution Time adjtime 
Task Execution Time condition 
Task Load block 
Task Load generic versus 
mobile website comparison 
Task Load display device 
comparison 
Usability 
Task Execution Time 
display device 
Task Load block 
Task Load display 
device 
Usability 
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 Table 3-2 provides a more detailed summary of the data elements analyzed.  For 
each data type, an indication of the number of variables (along with an adjusted number 
for the subset analyses of pagination technique and generic versus mobile website) 
trials, data rows, missing data items, errors and the net number of data points is 
indicated.   
Table 3-2.  Detailed summary of data elements. 
Type 
 Subgroup 
  # Variables # for 
Pagination and 
Generic versus 
Mobile 
# 
Trials 
# 
Data 
rows 
# 
Missing 
# 
Errors 
# Net 
data 
points 
Demographic information 
 6 original,  
4 added 
1 1 29 6 NA 284 
Task Execution Time 
 1 13 5 1885 12 30 1843 
 Within Document 
 1 6 5 870 12 12 846 
Known Item 
 1 4 5 580 0 18 562 
Exploratory 
 1 3 5 435 0 0 435 
Task Load 
 4 20 1 2320 28 0 2292 
 Within Document 
 4 6 1 696 4 0 692 
Within Document Pagination Technique 
 4 3 1 348 8 0 340 
Known Item 
 4 4 1 464 0 0 464 
Known Item Generic versus Mobile website 
 4 1 1 116 0 0 116 
Exploratory 
 4 3 1 348 8 0 340 
Display device 
 4 3 1 348 8 0 340 
Usability 
 6 
2 
9 
3 
1 1566 
174 
4 0 1562 
174 
Interview 
 7 original, 
3 added 
1 1 290 0 21 269 
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3.2 Demographics 
 Of the 29 participants included in the study, 14 (48%) were female and 15 
(52%) were male.  Their ages ranged from 18 to 23 with the median being 21 (mean of 
20.45).  All but one participant (3%, a recent graduate) were active students of which 5 
(17%) were freshmen, 4 (14%) were sophomores, 8 (28%) were juniors and 11 (38%) 
were seniors.  All were experienced using multi-touch devices. For those who reported 
on their prior tablet experience (n=26, 3 did not respond), 7 (27%) reported having no 
prior tablet experience, 17 (65%) had occasionally used a tablet and 2 (8%) were 
proficient with the tablet.  Participants indicated their frequency of use of a multi-touch 
device as weekly (1, 3%), daily (14, 48%), most of the day (7, 24.5%) or all day (7, 
24.5%).  For those who reported which multi-touch device they preferred using on a 
regular basis (n=28, 1 did not respond), 7 (25%) reported using an Android device, 18 
(64%) reported using an Apple iOS device and 3 (11%) reported using some other type 
of smartphone. 
 While participants were recruited from different disciplines, a large number of 
computer science students participated in the study.  From reported majors, a new 
variable ‘group’ was developed to investigate possible group effects.  Participants were 
classified as either ‘computer science’ ,‘information science’, or ‘other’.  Group 
membership populations are shown in Table 3—3. 
Table 3-3. Group membership. 
Group Gender # % 
Computer Science = 9 (31%) Females 1 3% 
Males 8  28% 
Information Science = 5 (17%) Females 3  10% 
Males 2  69% 
Other = 15 (52%) Females 10  34% 
Males 5  17% 
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3.3 Task Execution Time Analysis 
 Model selection for the task execution time data based on task type was 
explored. Model results are presented along with summary statistics (box plot, means 
and variances) in the relevant sections to follow.  Table 3—4 gives summary statistics on 
the data used to generate the models. 
Table 3-4. Summary statistics on data used in task execution time models. 
Type 
 Subgroup 
  # for 
Pagination 
and Generic 
versus 
Mobile 
# Trials #Data 
rows 
# Missing # Errors # Net 
data 
points 
Task Execution Time 
 13 5 1885 14 30 1841 
 Within Document 
 6 5 870 12 12 846 
Within Document Pagination Technique 
 6 5 870 12 12 846 
Known Item 
 3 5 435 2 13 420 
Known Item Generic versus Mobile Website 
 2 5 290 1 12 277 
Exploratory 
 3 5 435 0 0 435 
3.4 Task Load Analysis 
 Task load was measured many times throughout the study.  Table 3—5 details 
when/how it was administered.  The survey consisted of four questions related to mental 
load, effort, performance and efficiency.  The response scale was a Likert scale 
consisting of four options: not at all, slightly, moderately, very and extremely.  The 
polarity of the performance question was opposite the other three so this was reversed 
in presentation.  Each task type section that follows includes both a graph of the Likert 
response data as well as the results of model analysis of the sum of the ordinal values 
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from the Likert responses.  This provides a nice opportunity for parallel interpretation of 
task execution time data and task load data. 
Table 3-5. Summary statistics on data used in task load models. 
Type 
 Subgroup 
   # for 
Paginati
on and 
Generic 
versus 
Mobile 
# Trials #Data 
rows 
# 
Missing 
# Errors # Net 
data 
points 
Task Load 
 4 20 1 2320 28 0 2292 
 Within Document 
 4 6 1 696 4 0 692 
Within Document Pagination Technique 
 4 3 1 348 8 0 340 
Known Item 
 4 4 1 464 0 0 464 
Known Item Generic versus Mobile Website 
 4 1 1 116 0 0 116 
Exploratory 
 4 3 1 348 8 0 340 
Display Device 
 4 3 1 348 8 0 340 
 
 For the modeling process, the same basic methods used in analysis of the task 
execution time data are used with two exceptions.  A post hoc variable equivalent to the 
sum of all Likert score ranks is used for the regression. Since the regression variable 
ranksum is an ordinal variable for task load, analysis is of ordinal data instead.   
3.5 Usability Analysis 
 Usability data were analyzed much like task load data were, including the use of 
a post hoc variable to sum the ranks on the Likert scale for a given question.  Six of the 
eight (the remaining two are covered in section 3.5.4) usability questions employed the 
same Likert scale and responses were given for each task and display device.  A list of 
the questions and the results for each task type are included below. 
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1. Did this device enable the QUICK (speedy) performance of each type of task? 
2. Does this device enable the EFFECTIVE (successful) performance of each type 
of task? 
3. Does this device enable the ECONOMICAL (best effort for outcome) 
performance of each type of task? 
4. Does interacting with this device for each type of task require a lot of MENTAL 
EFFORT? 
5. For each type of task, is it EASY TO NAVIGATE between menus, pages, and 
screen(s)? 
6. Has using this product CHANGED YOUR MIND about whether you could do 
each type of task with it? 
 
 In order to make easier comparisons with the task load data, questions 1,2,3 and 
5 were changed from positive to negative in the analysis (e.g., effective became 
ineffective).  Question 6 does not indicate a specific polarity—just a movement to 
change.  So, a participant could have changed their mind in a positive way or a negative 
way; this response only indicates that their mind was changed. 
3.6 Missing Data and Error Trials 
As indicated in Tables 3—2, 3—4 and 3—5, a small number of task execution 
time task trials (14) and task load questionnaire results (20 items) were missing at the 
conclusion of the study.  These trials were not captured due to technical issues.  In 
addition, for the task execution time data, a number of task trials were marked or 
reviewed as potential error trials.  An error trial was a task trial that did not meet the 
requirements of the study.  This included task trials that were interrupted with 
questions, that involved confusion about the directions, involved unusual software or 
hardware delays or problems or that did not proceed in the manner in which the 
participant trained for the task trial. 
 For all task execution time data, 53 individual trials (not blocks) were identified 
either during testing or post testing (outliers) as potentially erroneous.  All of these were 
reviewed and of these, 30 were considered erroneous. For the Within Document task 
execution time data, 30 potential error trials were reviewed and 12 were considered 
erroneous.  For the Known Item task execution time data, 23 potential error trials were 
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reviewed and 18 were considered erroneous.  A summary of the error trials is included 
in Table 3—6. 
Table 3-6. Summary of task execution time error trials. 
 
Type 
 Subgroup 
  Reviewed for 
Possible Exclusion 
Actually 
Excluded 
% Excluded for 
Errors of Total 
Task Execution Time 
 53 27 1.63 
 Within Document 
 30 12 3.55 
Known Item 
 23 15 4.29 
Exploratory 
 0 0 0 
3.7 Modeling Approach 
Where possible, results were analyzed using linear mixed effects models.  Linear 
mixed effects models are well suited to study designs with both fixed and random effects 
(hence ‘mixed’).  In the case of this research, the linear mixed effects models provided 
support for both continuous linear data as well as ordinal data.  This approach provides 
insight into the contribution each variable makes to the final best fit model.  The lme4 
Package in R (R Development Core Team, 2008) was used to handle the repeated 
measures aspect of the data. The random term ‘participant’ controlled for the within 
subject variation.  The continuous dependent variable was time measured in seconds to 
tenths of a second.  Other terms included in the model selection process were chosen 
based either on their significance as a component of the original hypotheses for the 
study (e.g. display device) or for their possible impact as contributing factors (e.g.  
group—see also section 3.2).  The modeling process consisted of six steps.  These six 
steps are outlined in Table 3—7.  The complete analysis for each section, Within 
Document, Known Item and Exploratory is fully detailed in Appendices H, I and J. 
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Table 3-7.  Six steps of the modeling process. 
1. Run all possible combinations of the variables of interest:  In the model 
testing process, the two variables of interest directly related to our original 
hypotheses, display device (screen size) and pagination technique (scrolling 
versus paging) for the Within Document task and and the single variable generic 
website versus mobile website for the Known Item task were investigated.  To 
these we added two variables which might have also played a role in the overall 
variance: gender and group (post hoc term related to participant major).  Model 
building of the task execution time data was done using R’s lme4 package, 
specifically the linear mixed effects for R (lmer) function.  This function handled 
both the between groups and within subjects (random) effects under 
investigation. The syntax for the models includes indication of the fixed effects 
either interacting (*) or taken individually (+). 
2. Compare AIC values using likelihood ratio tests and an AIC table with 
delta AIC values:  Selection of best model fit was done comparing Akaike 
information criterion (AIC) values, where AIC difference values of less than 
two points between any model pair prompted us to select a model based on 
parsimony or selection of the simplest model which could explain the 
variance observed (Burnham and Anderson, 2002). 
3. Likelihood ratio test (g-test) of the best fit models (normally selected 
only with a delta AIC of <2):  If two models had close AIC values but one 
was determined to be statistically significantly different in terms of AIC value, 
then we would reject that model and select the one with the higher AIC value.  
In addition, the rule of parsimony suggests that the simpler model is the better 
choice. Restated, this means that if two models had similar AIC values and were 
not statistically significantly different, the the simpler model (fewer variables) 
was preferred and selected as the better choice. 
4. Summary of the best fit model:  This gives us summary results of the best fit 
model including the parameter estimates which drive the model.  The parameter 
estimates are used to determine the relationships between the variables of 
interest. 
5. Generation of pMCMC values and parameter estimates for best fit 
model:  Tests of significance were done using particle Markov-chain Monte 
Carlo methods (pMCMC). 
6. Post hoc Tukey test to look at within factor comparisons:  To more 
directly address the stated hypotheses for this study, post hoc Tukey tests were 
performed on the best fit model data.  These tests give a clearer sense of 
measures of significance for the effects within factors (fixed effects).  These 
tests of significance are drawn post hoc from the model data. 
 
In the analysis sections that follow, a single summary table will be used to 
present the modeling results. An example of the summary table is included here as 
Table 3—8.  Rather than use real data, this generic table indicates how the data is 
organized for clarification.   The final model selected is in the header row.  For many of 
the tests, final best fit model only contained the variable, ‘display device’.  The ‘Variable’ 
column will identify each variable in the model individually and the ‘Value’ column will 
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spell out the possible values of that variable.  The ‘Estimate’ column gives the parameter 
estimate for that model based on the equation generated by the best fit model.  The 
parameter estimate communicates the contribution that variable value makes to the 
overall model.   
Table 3-8. Generic example of model results presentation. The syntax for the models 
includes indication of the fixed effects either interacting (*) or taken individually (+). 
Model: variable 1 * variable 2 * variable 3 + variable 4  
Variable Value Parameter Estimate 
variable 1 value 1 estimate 1 
value 2 estimate 2 
value 3 estimate 3 
variable 2 value 1 estimate 1 or 2 
value 2 
variable 3 value 1 estimate 1 or 2 
value 2 
variable 4 value 1 estimates for 1 and/or 2 and/or 3 
value 2 
value 3 
 
Table 3—9 is a generic example of the presentation of post-hoc Tukey 
comparison test results.  The column ‘Tukey Comparison’ denotes the variable values 
compared and the ‘p≤.05’ column indicates with an asterisk, whether a significant 
difference in these pairwise comparisons was observed.  These do not report pMCMC 
test of significance values because they are implicit in the Tukey results.  The Tukey 
post hoc test is less fine grained than the pMCMC tests of significance in the final model.  
The value of using the Tukey test post hoc is in understanding the comparative results 
within each variable (value to value). 
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Table 3-9. Generic example of post-hoc Tukey comparison results. In this table 
the * indicates significance to the .05 level. 
Post-hoc Tukey Comparison Results 
Tukey Comparison p≤.05 
value 1 versus value 2 * 
value 2 versus value 1  
value 3 versus value 2 * 
value 1 versus value 2  
value 1 versus value 2  
value 1 versus value 2  
value 2 versus value 1  
value 3 versus value 2 * 
3.8 Within Document Analysis 
 Analysis details for task execution time, task load and usability data types for the 
Within Document task are included in the sections to follow.  
3.8.1 Task Execution Time 
 As shown in Table 3—4, Within Document task execution time values were 
recorded on five repetitions for each of the testing blocks (6) which yielded 30 task 
execution time values for each of the 29 participants.  This resulted in a total of 870 
individual task execution time values for the Within Document task.  Of these, 12 values 
were missing, not collected due to technical issues during the study process.  In addition 
to these, 30 trials were identified either during testing or post hoc (outlier values) for 
consideration as error trials.  After reviewing these trials, 12 were determined to be 
error trials (12 were also missing) and were not included in the analysis.  The final 
analysis of Within Document task execution time data, which adjusted for repeated 
measures, included a total of 846 individual task execution time values. 
 Figure 3-1 is a box plot showing the means and variances of the Within 
Document task execution time data across the study population by display device 
(D=desktop, M=mobile and T=Tablet).  The plot suggests that the difference between 
Within Document task execution time values for the desktop, the mobile and the tablet 
are different for desktop versus mobile and tablet versus mobile but not for desktop 
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versus tablet. Overall means and variances for the Within Document task execution time 
data by display device are indicated in Table 3—10. 
 
Figure 3-1. Box plot of Within Document task execution time data by display device 
(D=desktop, T=Tablet and M=mobile). 
Table 3-10. Overall means and variances for the Within Document task execution time 
data. 
Group 
 Display Device Means Variances 
Overall    
 Desktop 31.53 373.17 
 Tablet 32.37 317.16 
 Mobile 44.84 347.36 
 
 The best fit model and corresponding parameter estimates for the Within 
Document task execution time data produced using lmer in R are indicated in Table 3—
11.  The best fit model incorporated display device, pagination technique, and gender as 
interaction terms, and group as a related fixed effect along with the random term 
participant. 
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Table 3-11. Summary of the best fit model for the Within Document task 
execution time data. The syntax for the models includes indication of the fixed 
effects either interacting (*) or taken individually (+). 
 
Model: display device*pagination technique*gender+group 
Variable Value Parameter 
Estimate 
Display device Desktop 24.71 
Tablet 21.65 
Mobile 40.04 
pagination technique Scrolling 2.96 
gender Male 6.89 
group Information Science 10.13 
Other 6.37 
 
The results of the post hoc Tukey tests of significance are used to elucidate the 
pairwise tests of significance and these are included in Table 3—12.  In sum, the Within 
Document task execution time values for the desktop are statistically significantly 
different from the mobile and the Within Document task execution time values for the 
tablet are statistically significantly different from the mobile but the Within Document 
task execution time values for the desktop are not statistically significantly different 
from the tablet. 
Table 3-12. Post-hoc Tukey comparison results. In this table the * indicates 
significance to the .05 level. 
Post-hoc Tukey Comparison Results 
Tukey Comparison p≤.05 
Desktop - Mobile * 
Tablet - Desktop  
Tablet – Mobile * 
Paging - Scrolling  
Male - Female  
Information Science – Computer Science * 
Other – Computer Science  
 
This confirms that screen size plays a role in task performance for the Within 
Document task.  Additionally, there is not a statistically significant difference in task 
performance for pagination technique which suggests that either interaction is effective.  
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There are some statistically significant differences based on gender and group but these 
effects are confounded by group membership (see Table 3—3). 
3.8.1.1 Pagination Technique Task Execution Time 
 The data used for this comparison is the same data reported on in the previous 
section on Within Document task execution time with the emphasis here being on the 
pagination technique. Figure 3-2 is a box plot showing the means and variances of the 
Within Document task execution time data across the study population by display 
device. 
 
Figure 3-2. Box plot of Within Document task execution time data by pagination 
technique and display device (AP.D=paging on the desktop, S.D=scrolling on the 
desktop, AP.T=paging on the tablet, S.T=scrolling on the tablet, AP.M=paging on the 
mobile and S.M=scrolling on the mobile). 
Figure 3-2 suggests that, overall, Within Document task execution time values for 
scrolling and paging are very similar.  Overall means and variances for the Within 
Document task execution time pagination technique data are shown in Table 3—13. 
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Table 3-13. Overall means and variances for the Within Document task execution time 
pagination technique data. 
 
Group 
 Pagination Technique Means Variances 
Overall 
 Paging 36.07 381.49 
 Scrolling 36.42 383.48 
 
Table 3-14. Means and variances for the Within Document task execution time by 
pagination technique and display device. 
Group 
 Display Device Means Variances 
Paging 
 Desktop 32.94 480.81 
 Tablet 30.49 249.33 
 Mobile 44.53 306.64 
Scrolling 
 Desktop 30.18 268.17 
 Tablet 34.14 377.35 
 Mobile 45.15 390.96 
 
Based on the model results (presented in the section above) for within document 
task execution time, there is not a statistically significant difference in task performance 
for pagination technique which suggests that either pagination technique is effective on 
any of the display devices.  There is some evidence that males on the mobile device 
under the scrolling condition in group=Other (other, so non-computer science and non-
information science students) underperform in comparison with the CS and IS groups 
(p≤.01).  Table 3—15 shows means and variances for these groups.  This group-gender 
effect is confounded by a general imbalance of gender in the groups. 
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Table 3-15. Means and variances of Within Document task execution time for each 
pagination technique by group membership, gender and display device. 
 
   Paging  Scrolling 
  Display Device Mean Variance  Mean Variance 
Computer Science 
 Females 
  Desktop 28.96 81.71  29.67 36.09 
  Tablet 23.65 34.51  32.70 162.27 
  Mobile 43.52 49.79  34.80 70.58 
 Males 
  Desktop 26.76 153.76  24.77 124.79 
  Tablet 29.40 203.43  32.60 522.05 
  Mobile 37.82 257.32  41.94 397.46 
Information Science 
 Females 
  Desktop 37.16 411.42  41.53 360.99 
  Tablet 38.18 153.20  41.89 773.89 
  Mobile 48.82 218.42  49.44 309.53 
 Males 
  Desktop 41.72 1008.20  32.67 205.70 
  Tablet 31.54 151.01  37.15 374.65 
  Mobile 47.49 439.35  39.46 107.40 
Other 
 Females 
  Desktop 29.84 251.43  32.56 422.26 
  Tablet 25.91 79.55  31.20 189.05 
  Mobile 46.47 340.12  42.47 278.51 
 Males 
  Desktop 42.85 1223.10  26.60 106.57 
  Tablet 37.83 712.59  39.96 338.88 
  Mobile 47.07 321.45  58.44 661.11 
 
3.8.2 Task Load 
 In Figure 3-3, the Likert responses to each task load survey are graphed by 
display device and question to observe trends in the responses.  As indicated by the 
preponderance of ‘darker’ green areas for mobile, it is clear that the mobile device 
tended to be more frustrating, perform more poorly, and require more effort and mental 
load.  It is also apparent that effort, frustration and mental load were more likely than 
poor performance to provide an explanation for the differences among display devices. 
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Figure 3-3. Within Document task load responses by display device and question and 
question and display device (PP=poor performance, M=mental load, F=frustration and 
E=effort). 
 Figure 3-4 is a box plot showing the means and variances of the Within 
Document task load data across the study population by display device.  The plot 
suggests that the difference between Within Document task load values differ for the 
desktop versus mobile and tablet versus mobile, but not for the desktop versus tablet. 
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Figure 3-4. Box plot of Within Document task load data by display device (D=desktop, 
T=Tablet and M=mobile). 
 As indicated in Table 3—16, the best fit model for the Within Document task load 
data incorporated only display device in the model.   
Table 3-16. Summary of the best fit model for the Within Document task load 
data. Note that there is only one variable in the final model: display device. 
Model: display device 
Variable Value Parameter Estimate 
display device Desktop 9.34 
Tablet 9.14 
Mobile 10.28 
 
The results of the post hoc Tukey test, shown in Table 3—17, indicate that there is a 
statistically significant difference between the desktop and the mobile and the tablet and 
the mobile but, again, not between the desktop and the tablet for the Within Document 
task.  This coincides well with the Within Document task execution time data in overall 
display device findings but does not provide any information about the pagination 
technique-gender-group effect observed in the best fit model for the task execution time 
data. 
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Table 3-17. Post-hoc Tukey comparison results for the Within Document task load data. 
Post-hoc Tukey Comparison Results 
Tukey Comparison p≤.05 
Desktop – Mobile * 
Tablet – Desktop  
Tablet – Mobile * 
3.8.2.1 Pagination Technique Task Load 
 In Figure 3-5, the Likert responses to each task load survey are graphed by 
display device, pagination technique and question to observe trends in the responses.  
Again, from the persistence of ‘darker’ green areas, it is clear that the mobile device 
tended to be more frustrating, perform more poorly, and require more effort and mental 
load.  When compared with scrolling at the desktop, note the dissatisfaction (all but ‘not 
at all’) in terms of performance and effort for paging on the desktop.  
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Figure 3-5. Within Document task load responses display device, pagination technique 
and question, (S=scrolling, P=paging and PP=poor performance, M=mental load, 
F=frustration and E=effort). 
 Figure 3-6 is a box plot showing the means and variances of the Within 
Document task load data for pagination technique across the study population by display 
device.  In this plot it is unclear whether Within Document task load values differ among 
the three devices and no difference between scrolling and paging is evident. 
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Figure 3-6. Detail and summary characteristics for Within Document task load 
pagination technique data. (P.D=paging on the desktop, S.D=scrolling on the desktop 
P.T=paging on the tablet, S.T=scrolling on the tablet, P.M=paging on the mobile and 
S.M=scrolling on the mobile). 
 The best fit model is the same as the previous model shown in Table 3—16, as 
the data was run together. Only display device was included in the model.  This means 
that there was no significant effect based on pagination technique. This also coincides 
well with the Within Document task execution time data in findings on pagination 
technique and does not provide any additional information about the pagination 
technique-gender-group effect observed in the best fit model for the Within Document 
task execution time data. 
3.8.2.2 Comparison of Pagination Technique Task Load 
 A single end of testing task load was administered where the response options 
were to choose one: scrolling or paging for each question.  These were analyzed using 
glm in R to determine whether the responses were significantly different per question by 
display device.  Figure 3‐7 shows the Likert responses graphically. 
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Figure 3-7.  Comparison of Within Document task load pagination technique by display 
device and question, E=effort, F=frustration, M=mental load, PP=poor performance. 
 For this analysis, each task load question was run individually to determine 
significance or difference by pagination technique, based on display device for each 
question.  Table 3—18 summarizes these results.  Statistically significant effects were 
found for questions effort, frustration and performance. For mental load, there was no 
significant effect between scrolling and paging for any of the three display devices.  For 
both effort and performance, there was a significant effect between scrolling and paging 
for the desktop.  In the model for frustration, there were significant effects between 
scrolling and paging for both the desktop and the mobile device.  Clearly, paging at the 
desktop was not liked, especially by the CS male group, and paging on the mobile was 
only slightly worse than scrolling on the mobile.  The effects of other variables in the 
final model (gender and group) are included in Appendix L. 
Table 3-18. Summary of Within Document Pagination Technique task load Pairwise 
Regression tests of significance results (shaded areas are significant). D=desktop, 
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T=tablet, M=mobile, C=computer science, I=information science, O=other, F=female, 
M=male. 
TLX Question Display 
device 
Group Gender 
D T M C I O F M 
Mental Load         
Effort         
Frustration         
Poor Performance         
 
3.8.3 Usability 
In Figure 3-8, the Likert responses to the usability questionnaire are graphed by 
display device and question.  As with the task load data, note that the persistence of 
‘darker’ green areas indicate that the mobile device tended to be harder to navigate, not 
economical, perform slowly, be more ineffective, and require more mental effort.  The 
questions hard to navigate, not economical, and perform slowly provided more 
explanation for these differences than did ineffective, mental effort and changed mind. 
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Figure 3-8. Within Document usability responses by display device and question. 
 Figure 3-9 is a box plot showing the means and variances of the Within 
Document usability data across the study population by display device.  The plot 
suggests that the difference between Within Document usability values differ for the 
desktop versus mobile and tablet versus mobile, but not for the desktop versus tablet. 
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Figure 3-9. Box plot of the Within Document Usability data (D=desktop, T=Tablet and 
M=mobile). 
 The best fit model, shown in Table 3—19 for the Within Document Usability data 
again incorporated only display device as a fixed effect in the model.   
Table 3-19. Summary of the best fit model for the Within Document usability 
data.  
 
Model: display device 
Variable Value Parameter Estimate 
display device Desktop 21.27 
Tablet 20.69 
Mobile 16.93 
 
The result of the post hoc Tukey test, shown in Table 3—20, indicates that there 
is a statistically significant difference between the desktop and the mobile and the tablet 
and the mobile but not between the desktop and the tablet for the Within Document 
task. This coincides well with the Within Document task execution time data and task 
load data in overall display device findings. 
Table 3-20. Post-hoc Tukey comparison results for the Within Document 
usability data. 
Post-hoc Tukey Comparison Results 
Tukey Comparison p≤.05 
Desktop – Mobile * 
Tablet – Desktop  
Tablet – Mobile * 
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3.8.4 Overall Results 
 The overall results for the Within Document task indicate consistency between 
data types on significant differences between the desktop and the mobile and the tablet 
and the mobile but not between the desktop and the tablet.  Figure 3-10 includes side-
by-side boxplots demonstrating the overall distribution of responses for the Within 
Document task by data type.  On the left is the task execution time data, task load in 
the middle and usability on the right. 
 
  (a)    (b)    (c) 
 
Figure 3-10 (a), (b), and (c). Side-by-side boxplots of Within Document task 
execution time (TET), task load (TLX) and Usability data by display device (D=desktop, 
T=tablet and M=mobile). 
For the Within Document task, the focus was to determine how task execution 
time and task load were affected by both screen size and pagination technique.  Model 
results demonstrate that statistically significant differences exist for task execution time 
between the desktop and the mobile and the tablet and the mobile but not between the 
desktop and the tablet.  This means that the typical user should expect to spend about 
38% more time completing a Within Document finding task on the mobile device than 
they would at the desktop or on the tablet.  The task load data mirrors the Within 
Document task execution time findings, showing a statistically significant difference 
between desktop and mobile and tablet and mobile but not between desktop and tablet. 
The usability data also mirrors the Within Document task execution time and Within 
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Document task load findings showing a statistically significant difference between 
desktop and mobile and tablet and mobile but not between desktop and tablet. 
 Across data types, the performance differences between the desktop and the 
mobile and the tablet and the mobile for the Within Document task are not only 
apparent in the task execution time data and model but also perceived by the user as 
evident in the task load and usability data and models.  Because there is not a 
statistically significant difference in performance of the Within Document task between 
the desktop and tablet, we conclude that size does not affect performance in this case. 
In addition, the interaction device differences, that of mouse (indirect) versus hand 
(direct), between these display devices do not affect overall performance on the Within 
Document task.  It was also concluded that, because the mobile device and the tablet 
share the same basic interaction device (hand/multi-touch), device screen size is the 
major contributor to performance differences between the desktop and the mobile and 
the tablet and the mobile for the Within Document task.  It is important to note, again, 
that this task was highly constrained and purposefully did not include navigation among 
figures, graphics, charts, etc. 
3.8.5 Overall Results for Pagination Technique 
 In the final best fit model for the Within Document task execution time data, 
pagination technique is not a significant fixed effect on its own.  In the Likert task load 
data, the best fit model only includes display device.  In the pairwise task load data, 
regression on each of the terms -- display device, gender and group -- resulted in a 
combination of significant effects for each task load question.  The usability data did not 
include any specific information on pagination technique.   
Importantly, the interview data (see Interview section) suggests that a large 
group of participants (n=11) preferred scrolling to paging and another group (n=4) 
preferred paging to scrolling. A third group expressed device-based interaction 
preferences (n=6) and a fourth and final group (n=8) did not indicate either way.  
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Figure 3-11 (a) and (b) includes two boxplots demonstrating the overall distribution of 
responses for the Within Document task pagination technique by data type.  On the left 
is the task execution time data, on the right is the task load data. 
 
                 (a)      (b)    
 
Figure 3-11 (a) and (b). Boxplots of Within Document task execution time (TET) and 
task load (TLX) data by display device and pagination technique (P.D=paging on the 
desktop, S.D=scrolling on the desktop P.T=paging on the tablet, S.T=scrolling on the 
tablet, P.M=paging on the mobile and S.M=scrolling on the mobile). 
 As a component of the Within Document task, a particular focus was to determine 
how task execution time and task load were affected by pagination technique.  The final 
best fit model for the Within Document task execution time data incorporated display 
device, pagination technique, and gender as interacting fixed effects and group as 
another fixed effect (with participant being the random effect and time being the 
response variable as in all task execution time models).  The pMCMC values examining 
the statistical significance of fixed effects in the model demonstrate that the pagination 
technique variable alone does not provide a significant effect.  Taken in combination with 
gender, however, there is a small statistically significant component of the model that is 
explained by these interaction terms, in combination with the fixed effect of group.  This 
means that the typical user’s performance of the Within Document task would not be 
affected by pagination technique.  It also means that further research should be 
AP.D S.D AP.T S.T AP.M S.M
20
40
60
80
10
0
12
0
14
0
WD TET by Display Device & Pagination Technique
Display Device & Pagination Technique
TE
T
P.D S.D P.T S.T P.M S.M
4
5
6
7
8
WD TLX of Device-Pagination Technique By Device
Device
TL
X
 R
an
ks
um
 137 
 
targeted toward understanding whether any pagination technique-gender-group 
(experience) effects exist beyond this study population.  It may be that certain 
segments of the population prefer and are more efficient with particular pagination 
techniques, and this bears further investigation.   
 The absence of the pagination technique variable in the best fit model for the 
basic Within Document task load data indicates that there was no significant effect when 
this variable was added to the model.  However, in the task load pairwise data (response 
options rather than being a Likert scale were to choose one—paging or scrolling—for 
each task load question), the findings for the pagination technique variable are more 
telling.  In particular, note in Figure 3—7 that the highest rating for frustration among all 
three devices was for the paging condition at the desktop. 
 Results of the analysis for performance and preference data for the Within 
Document task pagination technique is complicated.  In this data, clearly gender and 
group play a role in both task execution time and TLX.  Whether this is a repeatable 
phenomenon that generalizes well to a broader population deserves further study.  
However, in terms of actual performance, the observed effect is small in the overall 
model.  As is evident in the mean and variance data in Table 3—15, some groups 
outperformed others (males in the Computer Science group and females in the Other 
group) and some underperformed (males on the mobile device in the Other group). 
3.9 Known Item Analysis 
 Analysis details for task execution time, task load and usability data types for the 
Known Item task are included in the sections to follow.  
3.9.1 Task Execution Time 
 As shown in Table 3—4, Known Item task execution time values were recorded 
on five repetitions for each display device (3) which yielded 15 task execution time 
values for each of the 29 participants.  This resulted in a total of 435 individual task 
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execution time values for the Known Item task.  Of these, no values were missing.  After 
reviewing the Known Item task execution time data, 15 values were determined to be 
missing or error trials and were not included in the analysis.  The final analysis of Known 
Item task execution time data, which adjusted for repeated measures, included a total 
of 420 individual task execution time values. 
 Figure 3—12 is a box plot showing the means and variances of the Known Item 
task execution time data across the study population by display device (D=desktop, 
M=mobile and T=Tablet).  This plot suggests that the difference between Known Item 
task execution time values for the desktop, the mobile and the tablet are different for 
desktop versus mobile and tablet versus mobile and also for desktop versus tablet. 
Overall means and variances for the Known Item task execution time data by display 
device are indicated in Table 3—21. 
 
Figure 3-12. Box plot of Known Item task execution time data by display device 
(D=desktop, T=Tablet and M=mobile). 
 
Table 3-21. Overall means and variances for the Known Item task execution time data. 
Group 
 Display Device Means Variances 
Overall    
 Desktop 26.45 93.54 
 Tablet 35.74 140.42 
 Mobile 80.16 405.28 
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As indicated in Table 3—22, the best fit model for the Known Item task execution 
time data incorporated only display device in the model.  
Table 3-22. Summary of the best fit model for the Known Item task execution time 
data. Note that there is only one variable in the final model: display device. 
 
Model: display device 
Variable Value Parameter Estimate 
display 
device 
Desktop 26.49 
Tablet 35.65 
Mobile 80.18 
 
The results of the post hoc Tukey test, shown in Table 3—23, indicate statistically 
significant differences between the desktop and the tablet and the desktop and the 
mobile and the tablet and the mobile.  This suggests that screen size and probably 
interaction method (text entry) play a major role in task performance for the Known 
Item task. 
Table 3-23. Post-hoc Tukey comparison results for the Known Item task execution time 
data. 
Post-hoc Tukey Comparison 
Results 
Tukey Comparison p≤.05 
Desktop – Mobile * 
Tablet – Desktop * 
Tablet – Mobile * 
3.9.1.1 Adjusting for Latency (Mobile Generic condition) 
 Mobile devices continue to suffer from issues of latency which include both slower 
connections to the Internet and slower processing speeds on the device.  These issues 
have improved markedly and will continue to get resolved quickly as the 
communications infrastructure matures and as hardware improves.  For the purposes of 
this study, the aim was to eliminate or control for latency.  To do this, controlled 
conditions were created in the laboratory and, post hoc, adjustments were made for 
latency.  To understand the impact of latency, models with and without latency in the 
total task execution time were investigated.  Adjustment for latency on the mobile 
device using the generic website was also compared with mobile website performance.   
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 A detailed study of the impact of latency using the generic website on the mobile 
device was undertaken.  Ten participants’ Known Item task execution time data were 
annotated for three key points of protracted latency.  The results of this study indicated 
that as much as 38% of the task execution time of any given Known Item task execution 
time task trial of the generic website on the mobile device was attributable to latency 
alone.  As a result, the data were re-run with an adjusted task execution time value of 
task execution time x .62 (or 62% of the original task execution time value).  A box plot 
of the data is included at Figure 3—13. Means and variances are included in Table 3—24.  
The results of the summary statistics and the model selection process with this 
adjustment are included below. 
 
Figure 3-13. Box plot of Known Item task execution time data with adjusted time by 
display device (D=desktop, T=Tablet and M=mobile). 
Table 3-24. Means and variances for Known Item task execution time data with 
adjusted time. 
Group 
 Display Device Means Variances 
Overall    
 Desktop 26.45 93.54 
 Tablet 35.74 140.42 
 Mobile 49.70 405.28 
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Again, the best fit model for the Known Item task execution time data using 
adjusted time produced using lmer, as indicated in Table 3—25, incorporated display 
device (desktop, mobile or tablet) as the sole fixed effect. 
Table 3-25. Summary of the best fit model for the Known Item task execution time 
data using adjtime.  
Model: display device 
Variable Value Parameter Estimate 
display 
device 
Desktop 26.47 
Tablet 35.66 
Mobile 49.72 
 
The results of the post hoc Tukey test, shown in Table 3—26, still indicate statistically 
significant differences between the desktop and the tablet and the desktop and the 
mobile and the tablet and the mobile.  Note, however, how the parameter estimates 
change by the latency factor of 38%.  Latency alone accounts for 38% of the time taken 
to complete the task trials. Latency remains a major issue for certain types of tasks on 
the mobile device. 
Table 3-26. Post-hoc Tukey comparison results for the Known Item task execution time 
data using adjtime. 
Post-hoc Tukey Comparison 
Results 
Tukey Comparison p≤.05 
Desktop – Mobile * 
Tablet – Desktop * 
Tablet – Mobile * 
3.9.1.2 Known Item Generic Website versus Mobile Website 
 As shown in Table 3—4, five repetitions of Known Item task execution time 
values for both the generic website and the mobile website using the mobile device were 
recorded for each testing block. This yielded 10 task execution time values for each of 
the 29 participants which resulted in a total of 290 individual task execution time values.  
Of these, no values were missing.  A total of 28 error trials were identified either during 
testing or in a post hoc analysis (outlier values) and reviewed.  After reviewing the 
Known Item task execution time generic versus mobile website data, 13 values were 
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determined to be error trials and were not included in the analysis.  The final analysis of 
the Known Item task execution time generic versus mobile website data, which adjusted 
for repeated measures, included a total of 277 individual task execution time values. 
 Figure 3—14 is a box plot showing the means and variances of the Known Item 
task execution time data across the study population by generic (G) versus mobile (M) 
website.  This plot suggests that the Known Item task execution time values for the 
generic website and the mobile website using the mobile device are statistically 
significantly different. Actual means and variances for the Known Item task execution 
time generic versus mobile website data are indicated in Table 3—27. 
 
Figure 3-14. Box plot of Known Item task execution time data generic (G) versus 
mobile (M) website data. 
 
Table 3-27. Means and variances for Known Item task execution time data generic 
versus mobile website. 
Group 
 Display Device Means Variances 
Overall    
 Generic website 80.16 405.28 
 Mobile website 40.38 430.86 
 
 The best fit model, shown in Table 3—28, for the Known Item task execution 
time data using adjusted time produced using lmer incorporated generic website versus 
mobile website as the sole fixed effect.   
G M
50
10
0
15
0
20
0
KI TET by Generic vs. Mobile Website
Generic vs. Mobile Website
TE
T
 143 
 
Table 3-28. Summary of the best fit model for the Known Item task execution time 
data generic versus mobile website.  
Model: Generic versus mobile website 
Variable Value Parameter 
Estimate 
Generic versus mobile 
website 
Generic website 80.11 
Mobile website 40.50 
 
The results of the post hoc Tukey test, shown in Table 3—29, indicate statistically 
significant differences between the generic and mobile websites using the mobile device.  
As was mentioned previously, latency remains a major issue for certain types of tasks 
on the mobile device. 
Table 3-29. Summary of the post-hoc Tukey tests of significance for the variable 
components of the best fit model for the Known Item task execution time data generic 
versus mobile website. 
Post-hoc Tukey Comparison Results 
Tukey Comparison p≤.05 
Mobile website – Generic website * 
3.9.1.3 Evaluating the Effect of Slower Mobile Communications (latency) 
The results of the summary statistics and the model selection process  in 
comparing generic website with mobile website performance with the same adjustment 
to task execution time as in the ‘Adjusting for Latency’ section are included below. 
Figure 3—15 is a box plot of the data and Table 3—30 gives means and variances for the 
data. 
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Figure 3-15. Box plot of Known Item task execution time data generic versus mobile 
website using adjtime by display device (D=desktop, T=Tablet and M=mobile). 
Table 3-30. Means and variances for Known Item task execution time data generic 
versus mobile website with adjtime.  
Group 
 Display 
Device 
Means Variances 
Overall    
 Generic website 49.70 155.79 
 Mobile website 40.38 430.86 
 
Again, the best fit model produced using lmer for the Known Item task execution 
time data of generic website versus mobile website using the mobile device and the time 
value adjusted for latency, shown in Table 3—31, incorporated only generic website 
versus mobile website as the fixed effect. 
Table 3-31. Summary of the best fit model for the Known Item task execution time 
data on generic versus mobile website using adjtime.  
Model: Generic versus mobile website 
Variable Value Parameter Estimate 
Generic versus mobile website Generic website 49.66 
Mobile website 40.44 
 
The results of the post hoc Tukey test, shown in Table 3—32, indicate that there is still a 
statistically significant difference between using the generic versus the mobile website 
on the mobile device.  Adjusting for latency does affect the parameter estimates but 
does not overcome this difference. 
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Table 3-32. Summary of the post-hoc Tukey tests of significance for the variable 
components of the best fit model for the Known Item task execution time data on 
generic versus mobile website using adjtime. 
Post-hoc Tukey Comparison Results 
Tukey Comparison p≤.05 
Mobile website – Generic website * 
 
3.9.2 Task Load 
 In Figure 3—16, the Likert responses to each task load questionnaire are graphed 
by display device and question to observe trends in the responses.  Like with the Within 
Document task load data, from the persistence of ‘darker’ green areas, it is clear that 
the mobile device tended to be more frustrating, perform more poorly, and require more 
effort and mental load. This is even more pronounced than it was in the Within 
Document task load data.  It is also apparent that effort, frustration and mental load 
were more likely than poor performance to provide an explanation for the differences 
among display devices. 
 
Figure 3-16. Known Item task load Responses by display device and question, E=effort, 
F=frustration, M=mental load and PP=poor performance. 
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 Figure 3—17 is a box plot showing the means and variances of the Known Item 
task load data across the study population by display device.  The plot suggests that 
Known Item task load values differ for the desktop versus mobile and tablet versus 
mobile, but not for the desktop versus tablet. 
 
Figure 3-17. Box plot of Known Item task load data by display device (D=desktop, 
T=Tablet and M=mobile). 
 The best fit model for the Known Item task load data produced using lmer/glmer, 
shown in Table 3—33, incorporated only display device in the model.   
Table 3-33. Summary of the best fit model for the Known Item task load data.  
Model: display device 
Variable Value Parameter Estimate 
display device Desktop 8.35 
Tablet 8.76 
Mobile 12.00 
 
The results of the post hoc Tukey test, shown in Table 3—34, indicate that there 
is a statistically significant difference between the desktop and the mobile and the tablet 
and the mobile but, again, not between the desktop and the tablet for the Known Item 
task.  This is different from the Known Item task execution time data in overall display 
device findings where all pairwise display device differences were significant. So, 
desktop is different from mobile and tablet is different from mobile but desktop is not 
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different from tablet in this task load data.  One important reason for this is probably the 
interaction component of the Known Item task. 
Table 3-34. Post-hoc Tukey comparison results for the Known Item task load data. 
Post-hoc Tukey Comparison Results 
Tukey Comparison p≤.05 
Desktop – Mobile * 
Tablet – Desktop  
Tablet – Mobile * 
3.9.2.1 Known Item Generic Website versus Mobile Website 
 In Figure 3—18, the Likert responses to each task load questionnaire are graphed 
by generic versus mobile website and question to observe trends in the responses.  Here 
the persistence of ‘darker’ green areas shows that the generic website was more 
frustrating, performed more poorly, and required more effort and mental load. Again, it 
is also apparent that effort, frustration and mental load were more likely than poor 
performance to provide an explanation for the differences between the generic and the 
mobile website. 
 
Figure 3-18. Known Item task load Responses by generic versus mobile website and 
question. 
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Figure 3—19 is a box plot showing the means and variances of the Known Item 
task load data for generic versus mobile website across the study population.  From the 
plot it is clear that Known Item task load values differ between generic website and 
mobile website. 
 
Figure 3-19. Detail and summary characteristics for Known Item task load for generic 
(G) versus mobile (M) website data. 
 The best fit model for the Known Item task load generic versus mobile website 
data was produced using lmer/glmer and is summarized in Table 3—35. It shows a 
statistically significant difference between the generic website condition and the mobile 
website condition, the only main effect included in the model.  This coincides well with 
the Known Item task execution time condition data. 
Table 3-35. Summary of the best fit model for the Known Item task load data on 
generic versus mobile website.  
Model: Generic versus mobile website 
Variable Value Parameter 
Estimate 
Generic versus mobile website Generic website 8.76 
Mobile website 9.03 
 
The results of the post hoc Tukey test, shown in Table 3—36, indicate that there is still a 
statistically significant difference between using the generic versus the mobile website 
on the mobile device.   
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Table 3-36. Summary of the post-hoc Tukey tests of significance for the variable 
components of the best fit model for the Known Item task load data on generic versus 
mobile website. 
Post-hoc Tukey Comparison Results 
Tukey Comparison p≤.05 
Mobile website – Generic website * 
 
3.9.2.2 Generic versus Mobile Website Comparison 
 Like with the Within Document task load condition, a single end of testing task 
load questionnaire was administered where the response options were to choose one: 
generic or mobile for each task load question.  The stark difference in responses to the 
mobile versus generic website is shown in Figure 3—20.  There is unequivocal evidence 
in these task load data that the mobile website was preferable to the generic website. 
 
Figure 3-20.  Comparison of Known Item task load generic versus mobile 
website by question. 
 For this analysis, the data was run individually for each question using glm to 
determine significance by gender, and group.  Results for all of the models are included 
in Appendix M.  Statistically significant effects are summarized in Table 3—37.  For the 
questions about mental load and frustration, some significant effects were observed on 
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the basis of group and gender, this was not the case for the questions on effort and 
performance. 
Table 3-37. Summary of Known Item Generic versus Mobile Website task load Pairwise 
Regression tests of significance results (shaded areas are significant). 
Question group  Gender 
C I O C O M F 
Mental Load        
Effort        
Performance        
Frustration        
 
3.9.3 Usability 
 In Figure 3—21, the Likert responses to the usability questionnaire are graphed 
by display device and question to observe trends across responses.  Again, from the 
persistence of ‘darker’ green areas, it is clear that the mobile device tended to be harder 
to navigate, not economical, perform slowly, be more ineffective, and require more 
mental effort.  The questions hard to navigate, not economical, and perform slowly 
provided more explanation for these differences than did ineffective, mental effort and 
changed mind.  Note the differences between the responses to the changed mind 
question here for the Known Item task versus the Within Document task.  It can be 
inferred that this task was more likely to change the participant’s mind about performing 
this task using the same display device.  It is also likely that the experience with the 
generic website on the mobile device galvanized an overall impression that such a task 
should not be done on a tablet or mobile device but instead should be done at the 
desktop. 
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Figure 3-21. Known Item Usability responses by display device and question and 
question and display device. 
 
Figure 3—22 is a box plot showing the means and variances of the Known Item 
usability data across the study population by display device.  The plot suggests that the 
Known Item usability values differ for the desktop versus mobile and tablet versus 
mobile, but not for the desktop versus tablet. 
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Figure 3-22. Detail and summary characteristics for Known Item usability data by 
display device (D=desktop, T=Tablet and M=mobile). 
 
 The best fit model for the Known Item Usability data produced using lmer/glmer, 
shown in Table 3—38, again incorporated only display device as a fixed effect in the 
model.   
Table 3-38. Summary of the best fit model for the Known Item usability data.  
Model: display device 
Variable Value Parameter Estimate 
display device Desktop 21.48 
Tablet 21.00 
Mobile 15.86 
 
The results of the post hoc Tukey test, shown in Table 3—39, indicate that there 
is a statistically significant difference between the desktop and the mobile and the tablet 
and the mobile but not between the desktop and the tablet for the Known Item task. 
Table 3-39. Post-hoc Tukey comparison results for the Known Item usability time data. 
Post-hoc Tukey Comparison Results 
Tukey 
Comparison 
p≤.05 
Desktop – Mobile * 
Tablet – Desktop  
Tablet – Mobile * 
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3.9.4 Overall Results 
 The overall results for the Known Item task indicate some consistency between 
data types on significant differences between the desktop and the mobile and the tablet 
and the mobile.  Interestingly, the Known Item task execution time data show significant 
differences between the desktop and tablet but these differences are not reflected in the 
Known Item task load and Known Item usability data.  Figure 3—23 (a), (b), and (c) 
includes side-by-side boxplots demonstrating the overall distribution of responses for the 
Known Item task by data type.  On the left is the task execution time data, task load in 
the middle and usability on the right. 
 
 
  (a)    (b)    (c) 
 
Figure 3-23 (a), (b), and (c). Side-by-side boxplots of Known Item task execution 
time (TET), task load (TLX) and Usability data by display device (D=desktop, T=tablet 
and M=mobile). 
 For the Known Item task, the focus was to determine how task execution time 
and task load were affected by both screen size and whether using a generic website or 
a mobile website on the mobile device.  Model results demonstrate that statistically 
significant differences exist for task execution time between the desktop and the mobile 
and the tablet and the mobile AND ALSO between the desktop and the tablet.  This 
means that, on average, a user spent 203% more time completing a Known Item task 
on the mobile device than they did at the desktop (125% more than on the tablet) and 
about 35% more time on the tablet than the desktop.  Task execution time is 
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significantly affected by whether users use a generic version of a website or a mobile 
version of a website on the mobile device.  Users spent 98% more time using the 
generic version of a website versus the mobile version for the same Known Item task.  
Unlike the Within Document task execution time data, in the best fit there is not an 
important interaction with any other terms such as group or gender. 
 The task load data partially agrees with the Known Item task execution time 
findings, showing a statistically significant difference between desktop and mobile and 
tablet and mobile.  This data does not reflect a significant difference between desktop 
and tablet.  The findings for the Known Item task load data on using a generic versus a 
mobile website also mirror the Known Item task execution time findings.  The model 
indicates a statistically significant difference between using the generic versus the 
mobile website. 
 The usability data mirrors the Known Item task load findings, showing a 
statistically significant difference between desktop and mobile and tablet and mobile but 
not between desktop and tablet. 
 Across data types, the performance differences between the desktop and the 
mobile and the tablet and the mobile for the Known Item task are not only apparent in 
the task execution time data and model but also perceived by the user as evident in the 
task load and usability data and models.  What is unusual is the difference between the 
desktop and the tablet task execution time data which is significant in the best fit model.  
This difference was not reflected in the task load and usability data.  This task required 
text entry using the keyboard (real and virtual) which may account for this difference in 
part.  Because of this, both device screen size and use of a generic versus a mobile 
website contribute to performance differences between the desktop, the mobile, and the 
tablet for the Known Item task. 
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3.9.4.1 Effect of Slower Mobile Communications (Latency) 
 Figure 3—24 includes side-by-side boxplots demonstrating the overall distribution 
of responses for the Known Item task by data type for both time and adjtime.  Though 
latency was mitigated somewhat in the design of the study (especially for the Within 
Document task) and uncontrolled effects (e.g. wild fluctuations from one trial to 
another) were not observed, latency remained an issue, particularly for the Known Item 
task using the generic website on the mobile device.  While it can be expected that 
latency will not always be an issue on a small screen device, this analysis suggests that 
latency alone does not explain Known Item task execution time differences between 
display devices.  Even with the adjusted Known Item task execution time data, 
statistically significant differences between each of the display devices were observed.  
Changes in the model parameter estimates (see Table 3—40) give a sense of the 
magnitude of effect due to latency. 
 
Figure 3-24. Boxplots of Known Item task execution time (TET), data for both time and 
adjtime by display device (D=desktop, T=tablet and M=mobile). 
Table 3-40.  Mean Known Item task execution time by display device for both 
time and adjusted time. 
Display device TET Adjusted TET 
Desktop 26.494 26.474 
Tablet 35.646 35.660 
Mobile 80.177 49.717 
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There are numerous design implications arising from these results.  First, quite a 
few participants ‘discovered’ the display device performance differences while testing.  
Importantly, some participants noticed that they were creatures of habit which meant 
that, even in the same room with their desktop or laptop systems, if they were using 
their mobile for one thing, they’d also use it to search, no matter the handicaps of 
latency, size and interaction. 
 In reviewing the trials, it is important to note that latency often has a cascading 
effect on task performance which is not always transparent to the user.  This may mean 
that a link pressed on a not yet loaded generic website may get ignored or that the 
keyboard opens but there is no keystroke response for the user until the page fully 
loads.  This can create a series of compounded mistakes (e.g. a mistyped entry for 
which a request has already been made) which make or break a one time or first time 
user experience with a site.  The key appears to be in first mitigating these problems but 
additionally in providing operating system level information to the user about system 
status and CONTROL to the user to start, end, interrupt or otherwise regain control of 
the application/device if needed.   
3.9.4.2 Generic versus Mobile Website 
 The test of generic versus mobile website for Known Item was only run on the 
mobile device so this data was split off for analysis.  In the final best fit model for the 
Known Item task execution time data, generic versus mobile website is the only fixed 
effect in the model. In the Likert task load data, the best fit model also includes only 
generic versus mobile website.  In the pairwise task load data (see Figure 3—16), there 
is undisputable evidence that the mobile site was preferred for each task load question.  
The usability data did not include any specific information on generic versus mobile 
website.  Figure 3—25 (a) and (b) includes two boxplots demonstrating the overall 
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distribution of responses for the Known Item task’s generic versus mobile website by 
data type. 
 
                 (a)        (b) 
 
Figure 3-25 (a) and (b). Boxplots of Known Item task execution time (TET) and task 
load (TLX) data for generic (G) versus mobile (M) website. 
 As a component of the Known Item task, an important question was to what 
extent a generic version and a mobile version of the same website might affect task 
execution time and task load.  The final best fit model for the Known Item task 
execution time data incorporated only generic versus mobile website.  The difference 
between the generic versus mobile website was so great that there was little question 
that the mobile website would be the preferred option for most participants.  A critical 
component of this analysis was to consider the effect of latency.  However, when latency 
was backed out, the difference remained statistically significant. 
 The presence of the generic versus mobile website variable in the best fit model 
for the basic Known Item task load data indicates that there was indeed a significant 
effect when this variable was added to the model.  However, in the task load pairwise 
data (response options rather than being a Likert scale were to choose one—generic or 
mobile for each task load question), the findings for the generic versus mobile website 
variable are more telling.  Note in Table 3—37 that the questions about effort and 
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performance did not yield significant differences between generic and mobile but mental 
load and frustration did. 
 Results of the analysis for performance and preference data for the Known Item 
task generic versus mobile website, is unequivocal.  In this data, there is no question 
that the mobile website condition outperformed and was preferable to the generic 
website.  This remains true even when latency is backed out of the Known Item task 
execution time values for the generic website condition. 
 Still, as is discussed in Section 3.11 Interview Analysis, some participants felt 
that generic websites were still their preference because of content availability.  Others 
felt that defaulting to a mobile site was essential to a good user experience.  A few 
noticed that generic or mobile website preference may differ based on the user’s 
experience, particularly with a given site.   
 Now many sites offer not only generic websites and mobile websites but also full 
featured device-specific applications for their content, specifically to address latency.  
Superficially these options seem important but there is an overhead to operation among 
these different versions (much less to maintenance of them) that seems avoidable.  
Where the search for optimal display device size will end is unclear but users should be 
encouraged to demand better consistency between display devices for the tasks they 
already perform.  
3.10  Exploratory Analysis 
 Analysis details for task execution time, task load and usability data types for the 
Exploratory task are included in the sections to follow. 
3.10.1  Task Execution Time 
The Exploratory task represented a departure from both the Within Document 
and Known Item tasks not only in training and structure but also in terms of analysis.  
Because execution of the task was open and largely participant driven, less emphasis 
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was placed on task execution time as a measure of task success.  However, examining 
task execution time was still possible and meaningful.  One important aspect of 
differentiating this task resulted from broadly examining the nature of task performance.  
For some participants, meeting the criteria of the task required a fairly detailed look at 
candidate websites, for others, a review of search results was sufficient.  
Much like the group variable, this important post hoc characteristic of the 
Exploratory task execution time data, ‘search exploration style’ or whether the 
participant followed links or selected from a search results list to meet the criteria of 
search, was investigated in the model.  Of the 81 Exploratory tasks performed, 18 
(21%) were performed using search results (search results=SR) and going no further.  
For most tasks (69, 79%), the prompt seemed to indicate that exploration of each 
potential recommendation (followed link=FL) was warranted but some searchers did not 
do this.  Although task execution time was not really the primary data collection goal of 
the Exploratory task, it is useful in understanding the impact of display device size for 
this task type.  For this reason, we analyzed Exploratory task execution time and 
considered model options which included the search exploration style variable. 
As shown in Table 3—2, Exploratory task execution time values were recorded as 
a single value for each display device which yielded 3 task execution time values for 
each of the 29 participants.  This resulted in a total of 87 individual task execution time 
values for the Exploratory task.  Of these, no values were missing.  No values were 
determined to be error trials.  The final analysis of Exploratory task execution time data, 
which adjusted for repeated measures, included a total of 87 individual task execution 
time values. 
Figure 3—26 is a box plot showing the means and variances of the Exploratory 
task execution time data across the study population by display device (D=desktop, 
M=mobile and T=Tablet).  This plot suggests that the difference between Exploratory 
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task execution time values differ for the desktop versus mobile and tablet versus mobile, 
but not for the desktop versus tablet.  
 
Figure 3-26. Box plot of Exploratory task execution time data by display device 
(D=desktop, T=Tablet and M=mobile). 
Actual means and variances for the Exploratory task execution time data by display 
device and type are indicated in Table 3—41. 
Table 3-41. Means and variances for Exploratory task execution time data. 
Group 
 Display Device Means Variances 
Search Results (18 task trials) 
 Desktop 51.23 293.19 
 Tablet 51.21 223.67 
 Mobile 86.33 1211.68 
Followed Links (69 task trials) 
 Desktop 146.25 7200.51 
 Tablet 188.42 14366.47 
 Mobile 270.75 20772.13 
 
Again, task execution time is only a minor component of analysis for the 
Exploratory data but is interesting to look at.  The best fit model, indicated in Table 3—
42, for the Exploratory task execution time data produced using lmer incorporated both 
display device and the search exploration style variable.   
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Table 3-42. Summary of the best fit model for the Exploratory task execution 
time data. 
Model: display device + search exploration style 
Variable Value Parameter Estimate 
display device Desktop 151.92 
Tablet 185.37 
Mobile 251.52 
search exploration style Search 
Results 
-122.45 
 
The results of the post hoc Tukey test, shown in Table 4—43 indicate that there is 
a statistically significant difference between the desktop and the mobile and the tablet 
and the mobile but, again, not between the desktop and the tablet for the Exploratory 
task.  As might have been expected, the difference between Exploratory task execution 
time values for participants who either used search result lists (SR) or followed links (FL) 
to perform this task was also statistically significant. 
Table 3-43. Post-hoc Tukey comparison results for the Exploratory task 
execution time data. 
Post-hoc Tukey Comparison Results 
Tukey Comparison p≤.05 
Desktop – Mobile * 
Tablet – Desktop  
Tablet – Mobile * 
Search exploration style – Followed links * 
3.10.1.1 Search Exploration Style Variable 
Figure 3—27 is a box plot showing the distribution of the Exploratory task 
execution time data based on display device and the search exploration style variable.  
Note how the variance of the SR group is much tighter than that of the FL group and 
how the means of the two groups differ. 
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Figure 3-27.  Boxplot of Exploratory task execution time by display device and search 
exploration style (FL.D=Followed links on the desktop, SR.D=Search results on the 
desktop, FL.T= Followed links on the tablet, SR.T=Search results on the tablet, FL.M= 
Followed links on the mobile, SR.M=Search results on the mobile). 
3.10.2  Task Load 
 In Figure 3—28, the Likert responses to each task load questionnaire are graphed 
by display device and by question to observe trends across responses.  Again, as with 
the Within Document task load and Known Item task load data, from the persistence of 
‘darker’ green areas, it is clear that the mobile device tended to be more frustrating, 
perform more poorly, and require more effort and mental load, though this is somewhat 
less apparent than for Within Document or Known Item.  Different from the Within 
Document and Known Item task load data, it is apparent that poor performance may 
have contributed more to an explanation of the differences among display devices than 
mental load, effort or frustration. 
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Figure 3-28. Exploratory task load Responses by display device and question. 
Figure 3—29 is a box plot showing the means and variances of the Exploratory 
task load data across the study population by display device.  The plot suggests that the 
difference between Exploratory task load values differ for the desktop versus mobile and 
tablet versus mobile, but not for the desktop versus tablet. 
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Figure 3-29. Detail and summary characteristics for Exploratory task load data by 
display device (D=desktop, M=mobile and T=Tablet). 
 The best fit model for the Exploratory task load data produced using lmer/glmer, 
shown in Table 3—44, again incorporated both display device and search exploration 
style as fixed effects in the model.   
Table 3-44. Summary of the best fit model for the Exploratory task load data. 
Model: display device + search exploration style 
Variable Value Parameter Estimate 
display device Desktop 8.96 
Tablet 9.36 
Mobile 9.76 
search exploration style Search 
Results 
-2.09 
 
The results of the post hoc Tukey test, shown in Table 3—45, indicate that there is a 
statistically significant difference between the desktop and the mobile but not between 
the tablet and the mobile or the desktop and the tablet for the Exploratory task.  There 
is also a statistically significant difference between those who used a search result list 
(SR) and those who followed links (FL).  This is different from the Exploratory task 
execution time data in overall display device findings where there were significant 
differences between desktop and mobile and tablet and mobile but not between desktop 
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and tablet. So, this is the first time, for task load, the mobile and the tablet ARE NOT 
statistically significantly different. 
Table 3-45. Post-hoc Tukey comparison results for the Exploratory task 
execution time data. 
Post-hoc Tukey Comparison Results 
Tukey Comparison p≤.05 
Desktop – Mobile * 
Tablet – Desktop  
Tablet – Mobile  
Search exploration style – Followed links * 
3.10.2.1 Search Exploration Style Variable 
 Figure 3—30 is a boxplot of the distribution of Exploratory task load responses by 
display device and the search exploration style variable.  Some participants chose to 
follow links (FL) and others chose to review search result lists (SR) to make final 
recommendations for this task.  Both the ranksum values are somewhat different and 
the range of responses is different between the groups. 
 
Figure 3-30. Boxplot of Exploratory task load data by display device and search 
exploration style (FL.D=Followed links on the desktop, SR.D=Search results on the 
desktop, FL.T= Followed links on the tablet, SR.T=Search results on the tablet, FL.M= 
Followed links on the mobile, SR.M=Search results on the mobile). 
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3.10.3  Usability 
 In Figure 3—31, the Likert responses to the usability questionnaire are graphed 
by display device and question to observe trends across responses.  Again, from the 
persistence of ‘darker’ green areas, it is clear that the mobile device tended to be harder 
to navigate, not economical, perform slowly, be more ineffective, and require more 
mental effort.  The questions hard to navigate, not economical, and perform slowly 
provided more explanation for these differences than did ineffective, mental effort and 
changed mind.  Note the fact that responses to the changed mind question are the least 
different for the Exploratory task across task type.  Generally, participants reported ease 
and success with this open task. 
 
Figure 3-31. Exploratory Usability responses by display device and question. 
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Figure 3—32 is a box plot showing the means and variances of the Exploratory 
usability data across the study population by display device.  The plot suggests that the 
difference between Exploratory usability values differ for the desktop versus mobile and 
tablet versus mobile, and also for the desktop versus tablet. 
 
Figure 3-32. Detail and summary characteristics for Exploratory Usability data by 
display device (D=desktop, M=mobile and T=Tablet). 
 The best fit model for the Exploratory Usability data produced using lmer/glmer, 
shown in Table 3—46, again incorporated only display device as a fixed effect in the 
model.   
Table 3-46. Summary of the best fit model for the Exploratory usability data. 
Model: display device 
Variable Value Parameter Estimate 
display device Desktop 22.14 
Tablet 20.66 
Mobile 16.45 
 
The results of the post hoc Tukey test, shown in Table 3—47 indicate that there is a 
statistically significant difference between all pairwise combinations of display device: 
desktop and mobile, tablet and mobile and desktop and tablet for the Exploratory task.  
This finding is particularly interesting because desktop and tablet were not equal in the 
D T M
10
15
20
25
EXP Usability by Display Device
Display Device
R
an
ks
um
 168 
 
Known Item task which also required more interaction.  This finding merits further 
investigation. 
Table 3-47. Post-hoc Tukey comparison results for the Known Item usability 
time data. 
Post-hoc Tukey Comparison Results 
Tukey Comparison p≤.05 
Desktop – Mobile * 
Tablet – Desktop * 
Tablet – Mobile * 
3.10.3.1 Search Exploration Style Variable 
 Figure 3—33 is a boxplot of the distribution of Exploratory Usability responses by 
display device and the search exploration style variable (SR=search results, FL=follow 
link).  Although the ranksum values are somewhat similar, the range of responses is 
different between the groups. 
 
Figure 3-33. Boxplot of Exploratory Usability data by display device and search 
exploration style (FL.D=Followed links on the desktop, SR.D=Search results on the 
desktop, FL.T= Followed links on the tablet, SR.T=Search results on the tablet, FL.M= 
Followed links on the mobile, SR.M=Search results on the mobile). 
3.10.4  Overall 
 The overall results for the Exploratory task share similarities on finding significant 
differences between the desktop and the mobile.  However, the Exploratory task 
execution time data shows significant differences between the tablet and the mobile 
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which are not reflected in the Exploratory task load data.  In the Exploratory usability 
data, interestingly, all pairwise comparisons on display device are statistically 
significantly different.  Figure 3—34 includes side-by-side boxplots demonstrating the 
overall distribution of responses for the Exploratory task by data type.  On the left is the 
task execution time data, task load in the middle and usability on the right. 
 
  (a)    (b)           (c) 
Figure 3-34 (a), (b), and (c). Side-by-side boxplots of Exploratory task execution 
time (TET), task load (TLX) and Usability data by display device (D=desktop, T=tablet 
and M=mobile). 
 For the Exploratory task, the focus was to investigate approaches participants 
would take to complete the task.  Generating a task execution time value was not 
considered the most meaningful contribution of this task type.  However, trends in task 
execution time among the display devices for the Exploratory task were worth 
investigating and comparing with the Within Document and Known Item task execution 
time data.  Exploratory task execution time model results demonstrate that statistically 
significant differences exist for task execution time between the desktop and the mobile 
and the tablet and the mobile but not between the desktop and the tablet.  An important 
factor in the performance of this task which gets reflected in the model selection process 
is the addition of the post hoc variable, ‘search exploration style’, which distinguished 
between task execution times where the participant used a search result list to make 
their recommendations versus following individual links to make this determination. The 
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final best fit model for the Exploratory task execution time data shows that this has a 
statistically significant effect on task performance. 
 The task load data partially agrees with the Exploratory task execution time 
findings incorporating type into the model and showing a statistically significant 
difference between desktop and mobile and for the two types of search strategy.  This 
data does not reflect a significant difference between tablet and mobile and desktop and 
tablet. The usability data for the Exploratory task shows a statistically significant 
difference for all pairwise combinations of display device. 
 Across data types, the performance differences between the desktop and the 
mobile and the tablet and the mobile for the Exploratory task are not only apparent in 
the task execution time data and model but also perceived by the user as evident in the 
task load and usability data and models.  According to the task execution time data, 
there is not a statistically significant difference in performance of the Exploratory task 
between the desktop and tablet, but the usability data suggest that they are indeed 
perceived to be different, and the desktop is favored for Exploratory search.  This 
potential difference between desktop and tablet for the Exploratory task is interesting 
and bears further examination.  
3.10.4.1 Search Exploration Style 
 The post hoc variable search exploration style added to the Exploratory task data 
provides important explanatory power in assessing different approaches to completion of 
the Exploratory task.  Among the different data types, there is evidence of a 
differentiation based on search exploration style beyond just the task execution time 
data.  Figure 3—35 (a), (b), and (c) shows side by side box plots of the data 
distributions for the Exploratory task by task execution time, task load and usability 
based on search exploration style. 
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  (a)    (b)           (c) 
Figure 3-35 (a), (b), and (c). Side-by-side boxplots of Exploratory task execution 
time (TET), task load (TLX) and Usability data by display device and search exploration 
style (FL.D=Followed links on the desktop, SR.D=Search results on the desktop, FL.T= 
Followed links on the tablet, SR.T=Search results on the tablet, FL.M= Followed links on 
the mobile, SR.M=Search results on the mobile). 
3.11  Interview Analysis 
 
 Interview text was reviewed for consistency among comments.  Some remarks 
were tallied to provide a better sense of the number of respondents who were in general 
agreement on a given topic.  In some cases, particularly insightful comments are 
highlighted. The results are reported below. 
3.11.1  Similarity Among Searching Interfaces 
 Among the 29 participants, at least 20 indicated that similarity among searching 
interfaces was important.  Of these, two added the comment that the interface should 
be optimized based on screen size.  Those who did not indicate that similarity was 
important offered other important considerations such as:  
Consistency 
Depends on information need 
Similar enough 
Specific to (tailored for) each 
display device 
Hard because of size difference 
Must be efficient and 
uncomplicated 
Ease of use 
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 In general, respondents felt that, for novice users, similarity among searching 
interfaces helps ‘get over the hurdle’ of using a new display device.  Several indicated 
that their prior iPhone experience guided their use of the iPad during testing. Some 
indicated that screen size makes this hard to achieve and that task type also plays a 
role, particularly tasks that involve more interaction. 
3.11.2  Search experience 
 Almost every participant reported that the search experience was not equally 
enjoyable on each display device.  Most indicated that the desktop and tablet were 
nearly equal (with the tablet coming in close behind the desktop if not equivalent).  For 
nearly all, the mobile device, especially using the generic website, was the least 
preferred, though one respondent indicated a preference for the mobile for quick 
searches.   
 Several responses cited difficulty with scrolling, which was reportedly too fast on 
the iPad.  There was also mention of problems with blurring while scrolling on both the 
iPad and the iPod resulting in a preference for paging because the text was visible 
immediately.  One clarification (perhaps) on the scrolling/paging debate was that, when 
the task involved looking for markers in the text, scrolling was better; when reading 
through text, paging might have been better. 
 Preference for the desktop keyboard was mentioned.  A few comments on 
difficulties with the touchscreen keyboard on the iPad were made by those with little or 
no prior iPad experience. 
 Comments about the use of tabs for searching centered on the differences in how 
tabs are implemented at the desktop versus on the mobile devices.  Two issues in 
particular were mentioned: the difficulty of navigating between browser window tabs on 
the iPad and iPod and the ability to load tabs simultaneously at the desktop but not on 
the iPod and iPad.  There were also comments about differences in the results set using 
 173 
 
the small screen device which provided both fewer results and less information per 
result.  A few respondents felt that the display devices were roughly equal for searching. 
3.11.3  Screen size  
 In general, larger screen size was considered better than smaller screen size.  
Many comments equated the desktop screen size and the tablet screen size with each 
other: for example, one comment was that the ‘iPad size was perfect.’  Some indicated 
differences based on task type, suggesting that the iPod was better for simpler tasks 
and the desktop and tablet were better for more complex tasks.  There was a mix of 
opinions on the impact of size on reading: most suggested that reading was much easier 
with the large screen but a few noticed that the smaller screen made it easier to absorb 
the material better, especially while paging.  This comment was detailed a little more in 
that, while paging, material had to be read in total on all areas of the screen.  This was 
perceived to be harder by many on the large screen.  Reading position was an 
interesting theme.  For some, a fixed position on the screen was preferred, for others a 
general spatial location was preferred and still others commented on having to read top 
to bottom or left to right.  For those who preferred to read in one position on the screen, 
scrolling on the large screen was preferred.  Several commented on the fact that using 
the generic website on the small screen device resulted in both unreadable fonts and the 
added burden of panning and zooming. 
3.11.4  Within Document Pagination Technique 
 Responses to questions regarding preferred pagination technique were varied.  
Table 3—48 indicates how 21 of the respondents generally felt about scrolling versus 
paging.  The remaining 8 (responses in Table 3—49) did not make clear 
pronouncements about their preference. 
Table 3-48. Summary of 21 responses to questions regarding preferred pagination 
technique. 
Preference Count 
D scrolling, M&T paging 2 
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D&T paging or scrolling, M 
scrolling 1 
D&T paging, M scrolling 1 
D&T scrolling, M paging 2 
Paging 4 
Scrolling 11 
 
Table 3-49. Remaining comments (8) regarding preferred pagination technique. 
Other Comments 
sure, searching not enjoyable in general unless it's something you are looking for 
don't like the mobile, slower and harder to type on; kinda fun to type on 
touchscreen 
mobile was not equal for generic website searching; loading time and scrolling time; 
on larger screen a little more difficult to find smaller text 
relatively equal; mobile is nicer for quicker things; ipad a bridge between; desktop 
better for in depth search like Exploratory 
for Within Document prefer mobile or tablet, smaller can see text in one glance 
(rather than left to right to read entire line); for Known Item, the desktop was best 
for text entry; for Exploratory, all three were similar; specialized search for each 
was adequate 
no; especially not for the ipod because buttons are small and fingers are big; really 
hard to type correctly; accidentally hit wrong links 
didn't like doing the searches on the phone (maybe because couldn't pick it up) but 
smaller buttons and screen not as easy as tablet or computer 
 
 Control was a significant factor in distinguishing between scrolling and paging.  
Many participants reported feeling/having more control when scrolling.  Conversely, 
some reported that scrolling is unpredictable and that it was easy to scroll beyond the 
target and then have to go back to find the right text.  One respondent indicated that 
paging required ‘too much concentration.’ Perhaps this resulted from having to read the 
entire page of text -- top to bottom and left to right -- before proceeding, which some 
felt was frustrating in this ‘scanning’ task.  This was particularly true on the large screen 
device where having to read ‘in the margins’ (or at the extremes top to bottom and left 
to right) was a complaint. 
 On a related note, because information chunks on the small screen device were 
more digestible, both reading on the small screen and paging through the text seemed 
more favorable to some.  Some commented that they preferred paging on the mobile 
device.  This was mentioned as a benefit on the tablet as well. 
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 Another factor in this was reading position.  Many participants indicated having a 
preferred reading position and found paging especially annoying since they could not 
read in one position. Conversely, some reported that paging would be more favorable for 
re-finding one’s position in a text where scrolling would make that particularly annoying. 
 System responsiveness for scrolling and paging was also discussed.  On the one 
hand, some felt that the scrolling feature was somewhat unpredictable even to the point 
of being annoying.  Others felt that the system did not respond well when paging.  Some 
felt it took more time to scroll, others felt it took more time to page.  Mention was made 
that it was frustrating not to be able to lift the device off of the desk. 
 In terms of a summary message, most participants reported preferring scrolling 
to paging.  The results overall, though, are equivocal.  Some comments suggested that 
this is a matter of personal preference, or that it may be task dependent.  The outcome 
might have been different if the tasks were reading oriented rather than scanning 
oriented. 
3.11.5  Generic Website or Mobile Website 
 An overwhelming majority of users preferred the mobile website to the generic 
website.  The reasons included legibility, simpler interaction, less latency, and better 
ease of use.  The tradeoffs included limited content availability and potentially more 
interactions.  For a few respondents, access to the generic site was preferred (as a 
general rule) to ensure generic content availability.  Even though content is often 
truncated for the mobile versions of web sites, many felt it was important to offer (and 
even default) to them because of the ease of use over the generic versions.  Most 
recognized that panning and zooming is still suboptimal for generic sites on the iPod, 
and that latency remains a substantial factor in task performance. 
3.11.6  Exploratory Search 
 Like the responses on the overall search experience, most indicated a preference 
for the desktop and tablet over the mobile device for the Exploratory searching task.  
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For searchers who used search results to select their recommendations, the limitations 
of the search result list on the mobile device were noticeable.  Other special features like 
use of voice recognition with the Google app on the mobile device, and the need for a 
large screen to really utilize Google places were also mentioned.  One important and 
interesting comment/observation is that long search terms can be impossible to modify 
(at the end of the string) due to the limitations of the search term box in the Safari 
browser on the mobile device, an imminently fixable problem.  Mention was made of the 
limitations using browser window tabs on the mobile device, as well as problems with 
typing. 
3.11.7  Tasks: Likes and Dislikes 
 Reported likes and dislikes are summarized in Table 3—50.  Some responses 
made reference to all task types and/or included a discussion of each display device.  
Scrolling versus paging and generic versus mobile website were also revisited.  One 
interesting note is the frequency with which a preference for the iPad/tablet is 
mentioned.   
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Table 3-50. Reported likes and dislikes per participant. 
Ptcpt. 
# Likes Dislikes 
1 mobile site easy, quick and 
responsive 
generic site frustrating 
2  iPad touchscreen still harder to type on 
than keyboard 
3 preferred paging on tablet dislike mobile search because of small 
screen 
4 scrolling better than paging hard to find something in middle of page 
on mobile 
5 ipad for scanning and scrolling difficult to page on desktop 
6 scrolling and paging equal on tablet scrolling on the desktop 
7 scrolling is better, faster, more 
efficient 
generic site frustrating 
8 pleasantly surprised by ipad ipod difficult to use for reading 
9 scrolling easier on desktop and 
tablet 
didn't like scrolling on mobile 
10 prefers control offered by scrolling did not like paging 
11 like desktop and tablet mobile search really tiring 
12 like the ipad load times slower on mobile 
13 preferred the Known Item task didn't like WD/reading 
14  small print on mobile 
15  hitting a wrong link and waiting 
16 liked desktop and tablet annoying to use mobile 
17 liked desktop and tablet searching on mobile was harder 
18  didn't like paging 
19 paging more natural feel on ipod 
and ipad than desktop 
page load times on mobile annoying 
20 can use ctrl+f at desktop lag time on mobile 
21 prefer desktop overall because of 
screen size 
 
22 surprised how easily could search 
on ipad 
ipod frustrating 
23 easy to type on ipad  
24 liked desktop and tablet mobile display speed too slow 
25  thought tasks were too similar/mundane 
26 that tasks were clear mobile device 
27 preferred paging because screen 
would draw right away 
mobile takes a lot longer to load pages 
28 paging on tablet and mobile paging on desktop 
29 typing easy on desktop and 
relatively easy on tablet 
typing hard and slow on mobile 
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3.12  Results Summarized Across Task Types 
 Although run like separate studies according to task type, looking at the data 
across task types generates some interesting observations and questions.  Figure 3—36 
(a) and (b) shows the distributions of task execution time data overall and by participant 
on the same scale across the task types, including the adjusted time data for the Known 
Item task where latency is ‘backed out.’  Of course, what is most noticeable is the very 
different means and variances for the Exploratory task execution time data—and in 
contrast, the very similar means and variances for the Within Document and Known 
Item task execution time data. 
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Figure 3-36 (a) and (b). Boxplots of task execution time (TET) data across task types 
(WD=Within Document, KI=Known Item and EXP=Exploratory) overall and by 
participant. 
 Similarly, Figure 3—37 shows the distribution of the task execution time data by 
display device across the three task types including the adjusted time data for the 
Known Item task.  Again the similarities between the Within Document and Known Item 
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data are fairly apparent and the Exploratory data still very different.  It is also somewhat 
evident here that the difference between the Known Item task execution time desktop 
data and the Known Item task execution time tablet data is more pronounced than for 
the Within Document task execution time and Exploratory task execution time data, a 
fact which plays out in the best fit models.  This is true whether using time or adjusted 
time. 
 
       Device         Device    Device      Device 
 
Figure 3-37. Boxplots of task execution time data across task types (including Known 
Item adjusted time) by display device (D=desktop, T=tablet and M=mobile). 
 Table 3—51 provides a summary of significant results from the modeling process.  
This is a view across task types and across data types.  The ~ indicates relationships 
where no significant findings were observed, the > symbol indicates that a statistically 
significant difference (in favor of the modality to the left of the >) was observed. 
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Table 3-51. Significant results by task type (WD=Within Document, KI=Known Item 
and EXP=Exploratory) and display device (D=desktop, T=tablet and M=mobile). 
Task Type TET TLX TLX Comparison Usability 
WD M < T ~ D M < T ~ D Scrolling = Paging M < T ~ D 
KI M < T < D M < T ~ D Mobile Website > Generic Website M < T ~ D 
EXP M < T ~ D M < T ~ D Search Results > Followed Links  M < T < D 
 
The task execution time modeling process generated parameter estimates for 
each display device by task type.  Table 3—52 shows the coefficients for each of the 
best fit models. 
Table 3-52. Task execution time model coefficients for display device by task type 
(WD=Within Document, KI=Known Item and EXP=Exploratory). 
Task Type Desktop Tablet Mobile 
WD 24.71 21.65 40.04 
KI 26.49 35.65 80.18 
KI (adjtime) 26.47 35.67 49.72 
EXP 151.90 188.80 256.60 
 
  
 
4 Conclusions 
 This study represents the first within and across display device investigation of 
fundamental searching tasks analyzed with both performance (task execution time) and 
user perception (task load and usability) data.  Performance variations for these tasks 
among devices of different screen size and pagination technique were expected but their 
magnitude was unknown.  What are the real efficiency costs to perform the same task 
across three best in class computing devices?  What factors are involved in this 
efficiency cost and how might they be measured and addressed?  To what extent does 
this cost contribute to task load?  Is there a match between an empirical measure of 
task execution time and the perceived task load of the user?  What, if any, design 
implications can be gleaned from this work? 
4.1 Extending Prior Work 
4.1.1 Interaction Style, Display Size and Task Type 
As soon as this work was begun, it was apparent that there is a complex relationship 
among the factors of interaction style, display size and task type.  Like Elliot and Hearst 
(2000, 2002), this work centers around a dependency among these three variables.  
These results make important contributions regarding the impact of interaction style and 
display size, which helps better understand this relationship. In particular, this work 
helps approximate effort differences for simple tasks (the bulk of tasks performed) 
across the three devices.  It also helps explain where that effort is focused.  
Importantly, this work examines how the actual performance differences (or similarities) 
might align with perceived differences (or similarities). 
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4.1.2 Beyond the Device 
 Perhaps the single most important message this work seeks to drive home is that 
in terms of a commensurate baseline experience, we are no longer tethered to a specific 
computing device or platform.  While it is clear that we are not tethered in terms of 
device ownership, it without this work, it was unclear what costs are involved in 
movement across these devices for the bulk of our information searching tasks.  
Because the content we seek to access and the way we access it are also fluid in 
unprecedented Ways, it is important to understand whether and how users can 
successfully move across devices with different screen sizes and interaction styles.  
Wobbrock (2006) suggests that we are no longer just investigating the capability of any 
single device (or even a group of devices); instead, we now need to consider context in 
addition to capability. 
4.1.3 Paging versus scrolling 
 While this work certainly agrees with the general finding (Baker (2003); Bernard, 
Baker & Fernandez (2002); Eyuboglu & Orhan (2011); Grace (2005); Kim & Albers 
(2001); Peytchev, Coupe, McCabe & Crawford (2006); Santosa (2011)) that no 
statistically significant difference exists between scrolling and paging on the desktop, 
this work extends that to indicate that this is also true for the tablet and mobile device.  
There is also evidence that pagination technique may be an issue of individual 
preference or that it could be highly task dependent (reading length dependent 
perhaps).  Importantly, support of both techniques for online searching and reading is 
recommended. 
 Though our hypotheses did not test it, there was some evidence that reading 
length may have an impact on time to complete the task under the scrolling condition 
versus the paging condition.  For readers who preferred reading in a certain position on 
the screen, paging created more room for error.  For scanning to find text, information 
on the mobile device was more ideally ‘chunked.’ 
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4.1.4 Interaction Technique 
 Sasangohar, MacKenzie and Scott (2009) investigated throughput with a mouse 
compared with touch interaction and found that touch interaction resulted in a higher 
throughput with more errors for small targets.  The results presented here suggest that 
this difference in error rate might be overcome with training/experience.  For simple 
pointing and flicking tasks, there was no clear difference in performance for the within 
document task between the desktop system and the tablet. 
 In Shreshta’s (2007) work comparing personal information management (PIM) 
tasks on the mobile phone versus the desktop, total time spent just navigating on the 
mobile was four times greater than on the desktop.  The evidence set forward here 
suggests that, for simple searching tasks, that difference may be getting smaller.  For 
example, the total task execution time for the within document task is roughly equal on 
the desktop and tablet and only 38% more time intensive on the mobile.  The known 
item task, with latency removed (also about 38% of total task execution time), takes 
about 88% more time on the mobile than at the desktop. 
4.1.5 Generic versus mobile website 
 There is some evidence that participants were seeking original content (that of a 
generic website versus a mobile website) but, different from the findings of Maurer et al. 
(2010), this was not the norm.  The bulk of participants thought starting with a mobile 
website was a preferred way to find information on the mobile device.  This may be 
subject to website familiarity and or task type in some cases, but these findings indicate 
that, for the bulk of simple information searching tasks, the mobile website is preferred 
and outperforms the generic website. 
4.1.6 Exploratory search 
 For the exploratory searching task, at least three key issues conspire to make 
searching on the mobile device more challenging: poor interface tailoring, reduced result 
set and the notion that click thru is a necessary element of search.  Indeed, the work of 
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Church, Smyth, Bradley and Cotter (2008) suggests that click thru may be inferior to 
mobile browsing with improvements in browsing tools.  Their claim that search engines 
are not yet tailoring their interfaces to mobile users may yet ring true.  Jones, Buchanan 
and Thimbleby (2002) pointed out that the limited result set was an impediment to 
mobile search, something many participants commented on as a factor for the 
exploratory searching task. 
4.2 Limitations 
4.2.1 In the laboratory 
 Our testing was conducted in the laboratory to control for things like latency and 
distraction.  Though this paradigm is fine for the desktop, both the tablet and mobile 
device are inherently better suited to a mobile context.  While the empirical measures 
we collected are probably as valid in the lab as out, they do not provide a realistic 
measure of task execution time in the most likely conditions. Two aspects of the 
laboratory context for the study were particularly problematic: the highly constrained 
tasks and having the display devices fixed to a surface. 
 In order to capture performance measures at the participant’s peak, the tasks 
were highly constrained and trained.  They were designed to be somewhat realistic and 
to approximate the types of tasks users commonly perform.  However, participants did 
not participate at all in the construction of the Within Document and Known Item tasks 
and only in a limited way for the Exploratory tasks.  In addition, the Within Document 
task specifically did not include interaction beyond paging or scrolling, i.e., it did not 
include interactions with images, charts, graphs or hyperlinks. 
 For all tasks on all display devices, participants were asked to leave the display 
devices fixed to the desktop surface.  This not only ensured that video could be collected 
via overhead cameras but it also maintained a similar interaction experience for all 
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participants.  However, it would not be the typical choice for most users for interacting 
with the mobile device (and perhaps also the tablet). 
4.2.2 Task type 
 This work only scratches the surface in terms of all the types of tasks being 
performed across this suite of display devices.  As users mature in their within and 
across display device experience, so will tasks migrate across them.  This study is a 
reasonable starting point focusing on simple information searching tasks using a browser 
across the three best in class display devices. 
4.2.3 Characteristics of the participants 
 Despite broad recruitment efforts, the number of computer science participants in 
this study was unusually high and the gender balance was somewhat skewed as a result.  
Though the overall gender balance was fine, the balance within groups based on 
academic major were not.  Moreover, a group of computer science participants 
performed better than any other group which was investigated in the analysis. 
 Though much of the prior work in this area constrains interaction to one hand to 
control for unwanted effects due to handedness, this study did not explicitly require 
users to be right handed to participate.  Though the vast majority of participants used 
their right hand to interact and their left hand to orient or hold the device, it is possible 
that this could be a limitation of the study.  In general, moving toward a more 
naturalistic approach to usability analysis for mobile devices is warranted and effects like 
handedness will have to be managed. 
4.2.4 Fixed display size (desktop and tablet) and portrait orientation 
 As mentioned, the devices were fixed to the surface; in addition, the display area 
of the desktop was matched to that of the tablet (for horizontal width at least).  This 
was done to control  any potential ‘interaction’ effect difference between the desktop 
and the tablet.  This may have affected task performance differences (or a lack thereof) 
between the desktop and the tablet. 
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4.2.5 Mobile devices in non-mobile context 
 While the laboratory environment provided a lot of control for direct comparisons, 
especially for a complicated project with many variables to control for and several under 
investigation, a mobile context would definitely be preferred.  Because the devices were 
not being used in the context in which they might be ideally suited, there are limitations 
on the generalizations we can make about the results.  It may also be the case, 
however, that because distraction is a significant factor in the mobile context, task 
performance in the lab might prove to have been better. 
4.2.6 Possible novelty effect of iPad 
 The lack of prior exposure to the iPad was somewhat surprising.  It was also 
surprising to find that so many participants were positively disposed to it after testing.  
Indeed, performance on the iPad was better than expected given that the popular 
impression of it was as a glorified iPod.  Interaction times were better, latency was not a 
significant problem and screen size, which clearly plays the most significant role as this 
data shows, was roughly commensurate.  Still, it is important to consider whether 
novelty alone played a significant role in user perception of the iPad. 
Adaptation of Task Load and Usability Questionnaires 
 In an effort to understand user perception of the tasks and of the overall usability 
of the devices, the study design incorporated a large number of questionnaire points.  
Each questionnaire added to the total time to complete testing.  In light of this, the task 
load and usability questionnaire questions and response options were significantly 
revised and tailored to the study.  While this facilitated a shorter testing period, it did 
not ensure the validity of these instruments in their original form. 
4.3 Summary of Primary Findings 
 The final messages in terms of task execution time produced in this study are as 
follows:  In performing a simple Within Document searching task, the typical user should 
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expect to spend at least 38% more time performing the task using a mobile device.  
They should also expect a fairly commensurate experience between the desktop and the 
tablet.  Their performance of the task should not be affected by whether they elect to 
scroll or page but they may exhibit strong preferences for one or the other given 
experience, gender and/or device type.  For a simple Known Item task, users should 
expect to spend more than 3 times as long completing the task using a generic website 
on a mobile device than they would at the desktop.  The tablet user will spend about 
35% more time than they would at the desktop and would take less than half the time 
of the mobile user accessing a generic website.  The mobile user will save about 38% of 
their time when latency issues are resolved and can save roughly half the time by using 
a mobile website.  For the Exploratory task, users who are comfortable using search 
result lists to summarize their findings will spend a little over one third of the time of the 
typical user who follows links to review sites.  In addition, the mobile user performing an 
Exploratory task can expect to spend about 69% more time than they would at the 
desktop, assuming they use a consistent approach to performing the task.   
 Perhaps the biggest contribution of this study overall is the finding that the tablet 
was considered to be more or less equivalent to the desktop in nearly every comparison 
despite a slightly smaller screen and touchscreen interaction.  The main limitation of the 
tablet appeared to be text entry on the virtual keyboard.  
 The costs of inefficient task performance can vary and can be compounded.  They 
can be measured in the form of task execution time and they can have impact on 
perceived task load and usability. There can be deterrent effects: it was demonstrated 
that a number of participants who had the opportunity to try these tasks across devices 
indicated that, indeed, they had changed their minds about the kinds of tasks they could 
perform using various display devices.  Other effects include frustration and distraction.  
Tasks that would seem simple at the desktop can be completely derailed on the mobile 
device.  Similarly, facile mobile users with customized applications can produce a result 
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more quickly on their mobile device than at the desktop.  These costs and tradeoffs 
matter, especially as users migrate between devices and within tasks. 
 The single most important factor affecting task performance across task type and 
display device is screen size.  There is likely not a linear relationship between task 
performance and screen size (highly unlikely) but some other relationship, a threshold 
perhaps.  The advent of more intuitive and appealing interaction techniques has bridged 
an important gap for task performance on the small screen device.  However, for tasks 
that require more interaction, this remains an issue.   
 The strong correlation between the task execution time data and the task load 
data supports the claim that the typical user is aware of the efficiency costs of moving 
between devices of differing display sizes but that awareness may not be present all of 
the time.  When trading off mobility, users will accept substantial performance costs to 
maintain access.  Based on interview comments, it would seem that participants were 
not actually aware of the magnitude of the efficiency costs prior to participating in the 
study. 
4.4 Design Implications 
 There is likely to be an optimal screen size which achieves the best of the key 
factors: mobility, interaction and readability/usability.  Readability is an interesting issue 
and some of the evidence from this study suggests that the smaller screen device is 
actually better for certain types of reading tasks.  It is perhaps the case that a more 
optimal reading environment for all computing devices is in the 4-6” width range (and 
not very big top to bottom either).  This allows the user to glance over the material 
quickly and easily with confidence that they have covered everything before moving on.  
Whether the supporting interaction is scrolling or paging, this seems to be an optimal 
layout for reading.  A standard paradigm like this might ensure better portability of 
content and simplify the ‘separation of content from presentation’ issue. 
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 Paging and scrolling should both be supported and should be customizable for the 
user.  There are lots of possible reasons why a user might prefer one method over the 
other but it seems likely that this will be determined on a case by case basis for both 
user and task. 
 For simple searching tasks, mobile devices must support the dominant paradigm 
at a minimum.  While many new and improved searching techniques have been and will 
be introduced using the small screen device, there are still some broken aspects of 
implementing desktop like search on the mobile device.  An important one is being able 
to easily refine a query—regardless of its length.  In this study, many of our participants 
were unable to make query changes because they could not use the device tools to 
change the terms. 
 Building on the last point, better support for key searching tools, like browser 
window tab support at a glance, is critical for the mobile device.  While the bulk of 
content remains formatted for the desktop environment, continuing to investigate ways 
to improve the presentation of content depending upon device type/screen size is 
pivotal.  Not only does presentation improve access but device customization also offers 
a potentially much richer experience.  This can mean that a good implementation on the 
mobile device permeates back along the device chain to the desktop as well. 
 Understanding that the typical user of a mobile device will rely even more heavily 
on the quality of a search result list is also very important.  Many participants chafed 
about the difference between search result lists on the desktop and tablet (which were 
typically more informative) and the mobile device. 
4.5 Future Work 
4.5.1 Age 
 The focus of this study was undergraduate college students.  The expectation was 
that this cohort would be fairly commensurate in terms of prior experience with these 
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display devices and in overall education level.  However, the wide appeal of these 
display devices to different age cohorts makes it possible to study uptake and use 
among groups from the very young to the very old.  The tablet offers greater potential 
for usage among the elderly because the screen size is good, and the interaction is not 
as difficult as it is with the mobile device.  It would be very interesting to look at similar 
searching among that cohort. 
4.5.2 Gender 
 Although there were no clear gender differences for the tasks performed in this 
study, there certainly are gender differences observed in overall use.    Understanding 
the dynamic of gender in the use of computing devices and of mobile devices in 
particular is important.  In this study there was an indication that choice of pagination 
technique for a given device may have a gender-based effect.  This deserves further 
study. 
4.5.3 Special populations  
 Some very interesting work (Goel, Findlater & Wobbrock (2012) and Findlater & 
Wobbrock (2012)) leveraging mobile devices and their associated technology is 
underway working with special populations, particularly people with varying abilities.  
Some of this work is being done in the health domain, solving problems with information 
access and flows for those with chronic disease.  Additional research should be 
conducted to look at adapations to help those with disabilities both use mobile devices 
(at all) and leverage them for support with their disability.  
4.5.4 Experience and Habit 
 In recent work by Keinanen (2011), there was some evidence that there may be 
a difference between the experienced user and the expert user of technology.  There 
may be an effect like this in play in some of these results too.  As we move beyond 
adoption into ongoing use and technology change, it is critical to understand the cost of 
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change and its implications.  It is also important to delineate when the experienced user 
becomes expert and what this entails. 
 A critical element of this is habit.  Many participants of this study indicated 
surprise at how much time they might be spending using their mobile device over their 
laptop.  Users clearly become habituated to their computing devices and this makes 
change more difficult.  Instead of looking at adoption per se, we might consider looking 
at the cost of change and risk, benefit, reward scenarios of migration across devices for 
daily tasks. 
4.5.5 Task Type 
 While the dominant paradigm for computing has been and remains the display, 
keyboard and mouse configuration, this is changing.  What’s more, smaller screen size 
has brought about changes which percolate back up to the desktop like multi-touch and 
integrated sensors.  This is changing the face of the information searching task and our 
concept of how it should be executed.  The majority of tasks performed on computing 
devices are fairly simple but our ability to perform more complex tasks on small screen 
devices remains limited.  As mobile devices mature and as users of mobile devices 
mature, the tasks performed with them will become increasingly complex. An important 
area of future work is to continue to investigate alternatives to the traditional ways we 
interact with computing devices and to apply pragmatic approaches to describing this 
interaction and its relationship to task success.   
4.5.6 The 7 inch market 
 While this study provides clear evidence that the tablet and desktop perform and 
are perceived as equal for certain types of tasks, it also makes clear that the mobile 
device is still not equal.  Perhaps the shifting sands of device screen size are still yet to 
be settled.  The entre of intermediate sized display devices like the seven inch screen 
(e.g. the Kindle Fire) in the market of devices is certain to keep things interesting.  The 
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central question will be whether or not this display device is perceived as portable 
enough, particularly to the mobile technology users of the future. 
4.5.7 Voice recognition 
 This project might have been entirely different if voice recognition, which has 
vastly improved, was employed.  Importantly, the factors associated with mobility that 
make the small screen device so useful, make voice recognition even more necessary 
and more difficult at the same time.  Extending this work by looking at voice recognition 
use for similar tasks would be very compelling. 
4.5.8 KLM/GOMS Analysis of the Within Document task 
 Since much of the work around task execution time is predicated on the original 
GOMS KLM model, a good natural extension of this work would be to review the Within 
Document video for actual interactions.   Counting individual operators like pointing 
(paging) and flicking (scrolling) would provide  a solid measure to compare with the 
extensive KLM research.  Investigating how the model applies to this new modality at 
this low level would help guide future HCI research. 
4.5.9 Analysis of keystrokes for the Known Item task 
 Another reasonable extension of this work would be to review the keystroke 
behavior in the known item task to determine the extent to which this was different 
among the three devices.  The proportion of total task execution time taken up by 
keystroking would also be a key data point.  In some ways, this would extend some of 
the log based work done by Kamvar et al. (2006), where they retrospectively 
determined and compared time to enter query text between mobile phones and 
smartphones, noting a significant difference between the two. 
4.5.10  Addressing latency effectively  
 As networks improve and smartphone hardware becomes more sophisticated, it 
is assumed that the issue of latency will be completely resolved.  Despite there still 
being a statistically significant difference despite removing latency in this study, the 
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margin changes significantly.  As latency improves, it can be expected that the 
perceived barrier to more sophisticated task performance on mobile devices will also 
come down.  It would be good to analyze and predict how this might change as latency 
and interaction (e.g. voice recognition for some types of tasks) improve. 
4.5.11  Followed links versus search results 
 It is arguable that simply reviewing search results does not constitute a real 
exploratory search.  However, it is important to note that, from the user’s perspective, a 
successful search should be quick and easy for the bulk of tasks.  In this light, 
understanding the characteristics of both searcher and result is important.  Because the 
mobile device makes searching anywhere, anytime not only possible but prevalent, the 
nature of search is shifting.  The integration of sensors is making it possible to provide a 
more tailored experience, the ability to adapt to and learn from the user’s needs.  Taken 
together these advancements in search mean that the notion of the ‘search results list’ 
will invariably change too. 
 Another natural extension of the work reported on here would be to further 
analyze the search tactics differences between these two groups of searchers.  While it 
seems possible that these searchers are just two different types of people (where search 
is concerned), that really was not the case.  Searches varied between following links and 
reviewing search results on a somewhat case-by-case basis and understanding this 
variability better might prove important. 
4.5.12  Next phases of research 
Initial work extending these ideas will include looking at reading style/length and 
the impact of screen size.  Additionally, as 7” devices like the Kindle Fire and the iPad 
mini become more prevalent, comparing task execution times on these devices with the 
data presented here is needed.  It is also important to measure the effectiveness of 
location based services to facilitate search by minimizing interaction. Lastly, because 
voice recognition has seen significant recent improvements, investigation of the impact 
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of voice recognition on the search process, particularly in the mobile context is 
warranted. 
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Appendix A.  Counterbalancing Arrangement 
ITEM P1 P2 P3 P4 P5 P6 
Display device (1) Desktop Desktop iPad iPad iPod iPod 
1st within 
document 
pagination 
technique (1) Scrolling Paging Scrolling Paging Scrolling Paging 
1st block (1) 1 2 3 4 5 6 
2nd within 
document 
pagination 
technique (1) Paging Scrolling Paging Scrolling Paging Scrolling 
2nd block (1) 2 3 4 5 6 1 
1st known item 
website (generic 
versus mobile) 
(1) Generic Generic Generic Generic Generic Mobile 
1st known item 
block (1) a b c d a b 
2nd known item 
website (generic 
versus mobile) 
(1) N/A N/A N/A N/A Mobile Generic 
2nd known item 
block (1) N/A N/A N/A N/A b c 
EXP (1) x y z x y z 
Display device (2) iPad iPod iPod Desktop Desktop iPad 
1st within 
document 
pagination 
technique (2) Scrolling Paging Scrolling Paging Scrolling Paging 
1st block (2) 6 1 2 3 4 5 
2nd within 
document 
pagination 
technique (2) Paging Scrolling Paging Scrolling Paging Scrolling 
2nd block (2) 3 4 5 6 1 2 
1st known item 
website (generic 
versus mobile) 
(2) Generic Mobile Generic Generic Generic Generic 
1st known item 
block (2) b c d a c d 
2nd known item 
website (generic 
versus mobile) 
(2) N/A Generic Mobile N/A N/A N/A 
2nd known item 
block (2) N/A d a N/A N/A N/A 
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EXP (2) y z x y z x 
Display device (3) iPod iPad Desktop iPod iPad Desktop 
1st within 
document 
pagination 
technique (3) Scrolling Paging Scrolling Paging Scrolling Paging 
1st block (3) 5 6 1 2 3 4 
2nd within 
document 
pagination 
technique (3) Paging Scrolling Paging Scrolling Paging Scrolling 
2nd block (3) 4 5 6 1 2 3 
1st known item 
website (generic 
versus mobile) 
(3) Generic Generic Generic Mobile Generic Generic 
1st known item 
block (3) c a b b d a 
2nd known item 
website (generic 
versus mobile) 
(3) Mobile N/A N/A Generic N/A N/A 
2nd known item 
block (3) d N/A N/A c N/A N/A 
EXP (3) z x y z x y 
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Appendix B.  Protocol for a Participant 
Welcome, your subject code is 115. 
 
Please complete the following preliminary forms: 
Demographic Information 
Consent Form 
You will complete tasks on each of the three devices in the following order: 
 
iPad 
iPad - A. Within Document - Paging 
B. iPad - Within Document - Scrolling 
C. iPad - Known Item 
D. iPad - Exploratory 
 
Desktop 
E. Desktop - Within Document - Paging 
F. Desktop - Within Document - Scrolling 
G. Desktop - Known Item 
H. Desktop - Exploratory 
 
iPod 
I. iPod - Within Document - Paging 
J. iPod - Within Document - Scrolling 
K. iPod - Known Item - mobile version 
L. iPod - Known Item - full version 
M. iPod - Exploratory 
 
A. iPad - Within Document - Paging 
Let's begin by showing you an example of this task (play video on desktop). 
Now, let's do some training with the device and/or interaction: 
 
TRAINING: iPad - Within Document - Paging 
A [JMIR_50] 
B [JMIR_17] 
C [JMIR_25] 
 
TESTING: iPad - Within Document - Paging [block 4] 
1 [JMIR_36] 
2 [JMIR_19] 
3 [JMIR_27] 
4 [JMIR_39] 
5 [JMIR_41] 
 
At the desktop, please complete the survey "Task Load Index (Basic) for iPad Paging." 
 
iPad - Within B. Document - Scrolling 
Now, let's do some training with the device and/or interaction: 
TRAINING: iPad - Within Document - Scrolling 
A [JMIR_35] 
B [JMIR_45] 
C [JMIR_53] 
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TESTING: iPad - Within Document - Scrolling [block 5] 
1 [JMIR_46] 
2 [JMIR_49] 
3 [JMIR_29] 
4 [JMIR_33] 
5 [JMIR_48] 
 
At the desktop, please complete the surveys "Task Load Index (Basic) for iPad – Within 
Document - Scrolling" AND, comparing the two interaction conditions scrolling and 
paging 
Scrolling, complete the survey "Interaction Comparison for iPad scrolling and Scrolling". 
 
C. iPad - Known Item 
Let's begin by showing you an example of this task (play video on desktop). 
Now, let's do some training with the device and/or interaction: 
 
TRAINING: iPad Known Item Searching 
A [KI_25] 
B [KI_26] 
C [KI_27] 
 
TESTING: iPad Known Item Searching [block d] 
1 [KI_28] 
2 [KI_29] 
3 [KI_30] 
4 [KI_31] 
5 [KI_32] 
 
At the desktop, please complete the survey "Task Load Index (Basic) for iPad – Known 
Item" 
 
D. iPad - Exploratory 
You will now perform an Exploratory task on the iPad: 
 
Google [Exp_X] 
 
At the desktop, please complete the survey "Task Load Index (Basic) for iPad - 
Exploratory" 
 
E. Desktop - Within Document - Paging 
Now, let's do some training with the device and/or interaction: 
 
TRAINING: Desktop - Within Document - paging 
A [JMIR_8] 
B [JMIR_18] 
C [JMIR_51] 
 
TESTING: Desktop - Within Document - paging [block 3] 
1 [JMIR_2] 
2 [JMIR_40] 
3 [JMIR_38] 
4 [JMIR_16] 
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5 [JMIR_20] 
 
At the desktop, please complete the survey "Task Load Index (Basic) for Desktop - 
Within Document - paging" 
 
F. Desktop - Within Document - Scrolling 
Now, let's do some training with the device and/or interaction: 
 
TRAINING: Desktop - Within Document - Scrolling 
A [JMIR_21] 
B [JMIR_54] 
C [JMIR_32] 
 
TESTING: Desktop - Within Document - Scrolling [block 6] 
1 [JMIR_28] 
2 [JMIR_11] 
3 [JMIR_12] 
4 [JMIR_30] 
5 [JMIR_52] 
 
At the desktop, please complete the surveys "Task Load Index (Basic) for Desktop - 
Within Document - Scrolling" AND, comparing the two interaction conditions scrolling 
and paging, complete the survey "Interaction Comparison for Desktop scrolling and 
paging". 
 
G. Desktop - Known Item 
Now, let's do some training with the device and/or interaction: 
 
TRAINING: Desktop Known Item Searching 
A [KI_1] 
B [KI_2] 
C [KI_3] 
 
TESTING: Desktop Known Item Searching [block a] 
1 [KI_4] 
2 [KI_5] 
3 [KI_6] 
4 [KI_7] 
5 [KI_8] 
 
At the desktop, please complete the survey "Task Load Index (Basic) for Desktop - 
Known Item." 
 
H. Desktop - Exploratory 
You will now perform an Exploratory task at the desktop: 
 
Google [Exp_Y] 
 
At the desktop, please complete the survey "Task Load Index (Basic) for Desktop - 
Exploratory" 
 
I. iPod - Within Document - Paging 
Now, let's do some training with the device and/or interaction: 
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TRAINING: iPod Paging 
A [JMIR_13] 
B [JMIR_3] 
C [JMIR_47] 
 
TESTING: iPod Paging [block 2] 
1 [JMIR_4] 
2 [JMIR_43] 
3 [JMIR_15] 
4 [JMIR_22] 
5 [JMIR_42] 
 
At the desktop, please complete the survey "Task Load Index (Basic) for iPod Paging" 
 
iPod - Within J. Document - Scrolling 
Now, let's do some training with the device and/or interaction: 
 
TRAINING: iPod Scrolling 
A [JMIR_37] 
B [JMIR_10] 
C [JMIR_7] 
 
TESTING: iPod Scrolling [block 1] 
1 [JMIR_6] 
2 [JMIR_26] 
3 [JMIR_44] 
4 [JMIR_23] 
5 [JMIR_24] 
 
At the desktop, please complete the surveys "Task Load Index (Basic) for iPod - Within 
Document - Scrolling" AND, comparing the two interaction conditions scrolling and 
Scrolling, complete the survey "Interaction Comparison for iPod scrolling and Scrolling". 
 
K. iPod - Known Item - mobile version 
Now, let's do some training with the device and/or interaction: 
 
TRAINING: iPod Known Item Searching - mobile version 
A [KI_9] 
B [KI_10] 
C [KI_11] 
 
TESTING: iPod Known Item Searching - mobile version [block b] 
1 [KI_12] 
2 [KI_13] 
3 [KI_14] 
4 [KI_15] 
5 [KI_16] 
 
At the desktop, please complete the surveys "Task Load Index (Basic) for iPod - 
Known Item - mobile version" AND, comparing the two website formats full version 
and mobile version, complete the survey "Format Comparison for iPod full version and 
mobile version". 
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iPod - L. Known Item - full version 
Now, let's do some training with the device and/or interaction: 
 
TRAINING: iPod Known Item Searching - full version 
A [KI_17] 
B [KI_18] 
C [KI_19] 
 
TESTING: iPod Known Item Searching - full version [block c] 
1 [KI_20] 
2 [KI_21] 
3 [KI_22] 
4 [KI_23] 
5 [KI_24] 
 
At the desktop, please complete the survey "Task Load Index (Basic) for iPod - Known 
Item - full version" 
 
M. iPod - Exploratory 
You will now perform an Exploratory task on the iPod: 
 
Google [Exp_Z] 
 
At the desktop, please complete the survey "Task Load Index (Basic) for iPod - 
Exploratory" 
At the desktop, please complete the following surveys: 
"Task Load Index Device Comparison (Within Document tasks)" 
"Task Load Index Device Comparison (Known Item tasks)" 
"Task Load Index Device Comparison (Exploratory tasks)" 
For overall testing, please complete the following: 
"Usability Questionnaire" 
We will conclude with a Semi-Structured Interview and discussion of the Exploratory 
tasks. 
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Appendix C. Tasks for the Within Document Task Type 
JMIR_1 
LOCATE MAIN HEADING: 
DEMO: Methods 
LOCATE SUBHEADING: 
Study Coordinator Interviews 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
As an incentive to participate, we 
organized a raffle for an ____________ 
___________ that took place after the 
interviews had been completed. 
 
JMIR_2 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
Appeal of Depression Health e‐Cards 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Depression was the most frequently 
________ item. 
 
JMIR_3 
LOCATE MAIN HEADING: 
Discussion 
LOCATE SUBHEADING: 
Overview 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
The broad age range of the users in our 
study indicates the system has ____ 
______. 
 
JMIR_4 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
Treatment and Self‐care Needs 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
In contrast to adults, ____ ________ has 
been identified as one of the key factors 
affecting youth treatment decision 
making 
 
JMIR_5 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
Barriers and Facilitators 
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FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Older/retired persons in particular 
encountered ______ _______ around 
system access, underscoring the 
importance of clarifying responsibility and 
resources for help. 
 
JMIR_6 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Rutgers Nisso, the Interapy group—a 
Dutch center for research, development, 
and Internet treatment of psychological 
disorders—and the ________ __ 
__________ developed an online 
treatment based on an existing 
therapist‐guided Web‐based treatment 
of posttraumatic stress. 
 
JMIR_7 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Technical Development 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
As well as the pre‐set program of 
messages, participants could request extra 
support messages on demand by _______ a 
keyword to the program shortcode (a 4‐ 
digit number). 
 
JMIR_8 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
Reports from Male Internet Users 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Final estimates were adjusted for the 
effects of "____ ____," refused, and 
imputed responses; however, these did 
not differ significantly from the 
unadjusted estimates. 
 
JMIR_9 
LOCATE MAIN HEADING: 
Discussion 
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LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Furthermore, the results show that most of 
the studies used a single physical activity 
outcome measure, and objective measures 
such as activity monitors or pedometers 
were _____ ____. 
 
JMIR_10 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Strategy of Analyses 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
However, 297 participants ___ ___ 
_______ during the intervention period, 
which resulted in a sample of 278 
participants who adhered to the 
intervention. 
 
JMIR_11 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
Literature Review: Health Information and 
the Internet 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
According to Anderson [22,23], skill 
development has three stages: (1) the 
__________ __________ stage, when 
knowledge of facts is built, such as facts 
about reputable sources of health 
information and general procedures for 
obtaining information; (2) the knowledge 
compilation stage, which is characterized 
by proceduralization and composition; and 
(3) the procedural stage. 
 
JMIR_12 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Participants 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Consenting participants were asked to 
provide a _____ _____, to choose an ID 
and password, and to complete a 
baseline questionnaire asking about 
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demographics, history of 
nicotine/tobacco use, previous 
treatments for cessation, and a quit date. 
 
JMIR_13 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
Increased Control 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Youth felt more prepared to talk to ______ 
because they could read their notes first. 
 
JMIR_14 
LOCATE MAIN HEADING: 
Discussion 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Why was the total response rate not 
increased? One possibility is _______ 
________ with the website. 
 
JMIR_15 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Assessment Battery 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Overall, 220 participants (74%) completed 
at least ____ follow‐up assessment. 
 
JMIR_16 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
Study Design, Objectives, Target Groups, 
Sample Sizes, Lengths of Follow‐up, and 
Attrition Rates 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Of the 23 studies, 3 concentrated on 
______ groups. 
 
JMIR_17 
LOCATE MAIN HEADING: 
Discussion 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
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STATEMENT: 
Among community members, there was 
________ ________ of the notion that 
health information exchange would lead to 
improvements in the quality and safety of 
health care. 
 
JMIR_18 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Web 2.0 Portal 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Specific diabetes‐related information on 
13 main topics, divided into 99 
subtopics/web pages had been written 
by an author group consisting of a 
______, a ______, and a ______ 
 
JMIR_19 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Aerobic Fitness 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Based on this screening, five subjects ____ 
________. 
 
JMIR_20 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
Expectations of Web 2.0 Portal Use in 
Diabetes Families 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Despite the proposed benefits, most 
interviewees did not expect that the 
portal would initially be used very much 
for ____‐__‐____ ______. 
 
JMIR_21 
LOCATE MAIN HEADING: 
Discussion 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
HRQOL is widely recognized as an _______ 
________ measure even for “lifesaving” 
interventions such as cancer care or organ 
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transplantation. 
 
JMIR_22 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Analysis of Free Text Responses 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
The category counts were __________ by 
caregiver type (ie, parent, self, all other, 
and unknown). 
 
JMIR_23 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
While most of these approaches have had 
only modest impact on compliance, the 
______ ______ ______ have had greater 
impact but require a substantial amount of 
time and resources to implement. 
 
JMIR_24 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Participants and Procedures 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
In order to increase the sample size for 
more robust analysis, a second phase of 
____ __________ was undertaken. 
 
JMIR_25 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
Overall Search Strategy 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Eleven of the 12 students went only _ ____ 
____ on the majority of visited sites. 
 
JMIR_26 
LOCATE MAIN HEADING: 
Discussion 
LOCATE SUBHEADING: 
Implications 
FIND AND COMPLETE THE FOLLOWING 
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STATEMENT: 
Accordingly, seven of the included 
studies corresponded to ______ 
________. 
 
JMIR_27 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Technical Aspects 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Questions were not ________ or ________. 
JMIR_28 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
Research Goals 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
A related goal was to continue to 
explore questionnaire ________ of a 
Web self‐administration instrument. 
 
JMIR_29 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
Participants 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Participants in both treatment groups were 
similar on all baseline characteristics, 
suggesting that randomization was 
________. 
 
JMIR_30 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
Parenting Support Programs for Parents 
With Mental Illness 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Only two _____ _____ have been 
reported worldwide. 
 
JMIR_31 
LOCATE MAIN HEADING: 
Discussion 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
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STATEMENT: 
The finding that chatroom use tends to be 
associated with lower levels of depression 
among participants without depression or 
other medical conditions raises the 
possibility that chatroom usage ____ _____ 
_____ depression in universal samples of 
members of the community. 
 
JMIR_32 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Internet pharmacies can also be seen as a 
____ _____ for individuals who are 
desperate for a cure to serious medical 
conditions and may be particularly 
susceptible to false claims. 
 
JMIR_33 
LOCATE MAIN HEADING: 
Discussion 
LOCATE SUBHEADING: 
Principal Results and Comparisons With 
Prior Work 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Even participants who ____ _____ ____ 
took an average of two calls. 
 
JMIR_34 
LOCATE MAIN HEADING: 
Discussion 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
In contrast, ______ _____ were found to 
be infrequently mentioned and 
depersonalized. 
 
JMIR_35 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Study Design 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
All interviews were tape recorded, fully 
transcribed, and, initially, manually 
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analyzed by ____ _____ _____. 
 
JMIR_36 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Search Strategy 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
______ and ______ were used because 
they focus on scientific literature. 
 
JMIR_37 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
Focus of This Study 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Therefore, this study examines the factors 
influencing the development, 
implementation, and evaluation of 
________ _________ in our setting. 
 
JMIR_38 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Coursework and Communication 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Most choose ________ and ______ as 
their primary communication methods 
and BSCW as their location for posting 
documents. 
 
JMIR_39 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Precourse Evaluation: Skill Experience 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Validity and reliability of the newly 
developed questionnaire ____ ___ 
assessed. 
 
JMIR_40 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Assessments 
FIND AND COMPLETE THE FOLLOWING 
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STATEMENT: 
A secondary outcome measure was the 
number of ____ ______ per average 
drinking occasion. 
 
JMIR_41 
LOCATE MAIN HEADING: 
Discussion 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Of the 16 students who started the module, 
only two ______ ___: one missed the last 
four sessions because of NHS workload, 
and one missed the last two sessions 
because of illness. 
 
JMIR_42 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
Synchronous Conferencing Technologies 
in Health Sciences Education 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
However, some participants missed the 
_____ ________ while online. 
JMIR_43 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
Evaluation of the Effectiveness of Online 
Courses 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
A descriptive evaluation of a ______ ______ 
______ was conducted 
 
JMIR_44 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
User Search Behavior: What Do Users 
Search for, and How Do Search Patterns 
Change Over Time? 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Supplement‐plus‐H1N1 search activity 
peaked in the last week of ______, when 
the number of H1N1‐related deaths 
reached 1,000. 
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JMIR_45 
LOCATE MAIN HEADING: 
Discussion 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
One aspect that was especially _____ 
________ was searching and evaluating 
external web sites. 
 
JMIR_46 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Consent Process and Advertising 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Respondents were also offered the 
chance to enter a drawing to win an ___ 
____ ____ for completing the survey if 
they provided their name and an email 
address. 
 
JMIR_47 
LOCATE MAIN HEADING: 
Methods 
LOCATE SUBHEADING: 
Analyses 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
We replaced items only if they ______ 
______. 
 
JMIR_48 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
Users and Situations of Use 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
For patient identification during a _____ 
________, the addition of an electronic 
barcode system was made to PDAs 
 
JMIR_49 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
Backchat Outcomes 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
The doctor‐to‐doctor exchanges were 
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_____ _____. 
 
JMIR_50 
LOCATE MAIN HEADING: 
Discussion 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
One such novel interface, ________ 
__________, is being used on some 
websites and may be the bridge between 
hierarchical interfaces and pure tagbased 
interfaces 
 
JMIR_51 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
User‐centered Design 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Privacy may be less of a concern for those 
individuals who are ______ ______ in 
seeking and sharing health information 
 
JMIR_52 
LOCATE MAIN HEADING: 
Introduction 
LOCATE SUBHEADING: 
N/A 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
The primary hypothesis in both ______ 
____ was that offer of an incentive 
would increase the response rate 
compared with no offer of incentive. 
 
JMIR_53 
LOCATE MAIN HEADING: 
Results 
LOCATE SUBHEADING: 
Identify Salient Themes and Popularity of 
Associated Phrases 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Overall, there were few differences 
between ____ ___ and _____ ___ in terms 
of participants, and Table 3 and Table 4 
show the individual counts for each term. 
 
JMIR_54 
LOCATE MAIN HEADING: 
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Results 
LOCATE SUBHEADING: 
PDA Use 
FIND AND COMPLETE THE FOLLOWING 
STATEMENT: 
Further, PDAs are not yet well equipped 
to handle the tasks ______ need to 
perform. 
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Appendix D. Tasks for the Known Item Task Type. 
KI‐1 
ENTER THE FOLLOWING SEARCH TERM: 
cervical cancer 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Cervical cancer (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Cervical cancer" 
SCROLL TO THIS HEADING: Exams and 
Tests 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Pap smears screen for precancers and 
cancer, but do not make a ______ 
________. 
 
KI‐2 
ENTER THE FOLLOWING SEARCH TERM: 
breast cancer 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Breast cancer (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Breast cancer" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Breast implants, using __________, and 
wearing underwire bras do not raise your 
risk for breast cancer. 
 
KI‐3 
ENTER THE FOLLOWING SEARCH TERM: 
mononucleosis 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Infectious Mononucleosis (National 
Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Mononucleosis" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Mono is usually linked to the ________‐ 
________ _____ ___, but can also be 
caused by other organisms such as 
cytomegalovirus (CMV). 
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KI‐4 
ENTER THE FOLLOWING SEARCH TERM: 
Hodgkin 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Hodgkin's Disease (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Hodgkin's lymphoma" 
SCROLL TO THIS HEADING: Exams and 
Tests 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
In some cases, abdominal surgery to take 
a piece of the liver and _____ ___ ____ 
may be needed. 
 
KI‐5 
ENTER THE FOLLOWING SEARCH TERM: 
suicide 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Suicide (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Suicide and suicidal behavior" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Living in communities where there have 
been _______ _______ of suicide in young 
people 
 
KI‐6 
ENTER THE FOLLOWING SEARCH TERM: 
gonorrhea 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Gonorrhea (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Gonorrhea" 
SCROLL TO THIS HEADING: Treatment 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
About half of the women with gonorrhea 
are also infected with ________, another 
very common sexually transmitted 
infection. 
 
KI‐7 
ENTER THE FOLLOWING SEARCH TERM: 
headache 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Headache (National Library of Medicine) 
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IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Headache" 
SCROLL TO THIS HEADING: What to 
Expect at Your Office Visit 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
If a migraine is diagnosed, you may be 
prescribed medications that contain 
_____. 
 
KI‐8 
ENTER THE FOLLOWING SEARCH TERM: 
migraine 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Migraine (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Migraine" 
SCROLL TO THIS HEADING: Symptoms 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
Not every person with migraines has an 
____. 
 
KI‐9 
ENTER THE FOLLOWING SEARCH TERM: 
alcoholism 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Alcoholism (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Alcoholism and alcohol abuse" 
SCROLL TO THIS HEADING: Outlook 
(prognosis) 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
If you have an alcohol problem, ________ 
can help improve your mental and physical 
health and possibly, your relationships. 
 
KI‐10 
ENTER THE FOLLOWING SEARCH TERM: 
diarrhea 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Diarrhea (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Diarrhea" 
SCROLL TO THIS HEADING: Home Care 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Psyllium‐containing products such as 
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______ or similar products can also add 
bulk to stools and help solidify them 
 
KI‐11 
ENTER THE FOLLOWING SEARCH TERM: 
athletes foot 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Athlete's Foot (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Athlete's foot" 
SCROLL TO THIS HEADING: Symptoms 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
If the fungus spreads to your nails, they 
can become discolored, thick, and ____ 
______. 
 
KI‐12 
ENTER THE FOLLOWING SEARCH TERM: 
acne 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Acne (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Acne" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Acne is most common in teenagers, but 
anyone can get acne, even ______. 
 
KI‐13 
ENTER THE FOLLOWING SEARCH TERM: 
hives 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Hives (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Hives" 
SCROLL TO THIS HEADING: Exams and 
Tests 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
A ____ ______ can confirm the diagnosis. 
 
KI‐14 
ENTER THE FOLLOWING SEARCH TERM: 
testicular cancer 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Testicular Cancer (National Library of 
Medicine) 
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IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Testicular cancer" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Testicular cancer is the most common 
form of cancer in men between the ages 
of __ and __. 
 
KI‐15 
ENTER THE FOLLOWING SEARCH TERM: 
adhd 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Attention Deficit Hyperactivity Disorder 
(National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Attention Deficit Hyperactivity Disorder 
(ADHD)" 
SCROLL TO THIS HEADING: Exams and 
Tests 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
In either case, related learning disabilities 
or mood problems are often _______. 
 
KI‐16 
ENTER THE FOLLOWING SEARCH TERM: 
autism 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Autism (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Autism" 
SCROLL TO THIS HEADING: Treatment 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
These programs can be ____ ________ 
and have not been widely adopted by 
school systems. 
 
KI‐17 
ENTER THE FOLLOWING SEARCH TERM: 
asthma 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Asthma (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Asthma" 
SCROLL TO THIS HEADING: Treatment 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
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Asthma action plans are ______ ______ for 
anyone with asthma. 
 
KI‐18 
ENTER THE FOLLOWING SEARCH TERM: 
bronchitis 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Acute Bronchitis (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Bronchitis" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
People have a cough that produces 
________ _____. 
 
KI‐19 
ENTER THE FOLLOWING SEARCH TERM: 
endometriosis 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Endometriosis (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Endometriosis" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Although endometriosis is typically 
diagnosed between ____ __‐__, the 
condition probably begins about the time 
that regular menstruation begins. 
 
KI‐20 
ENTER THE FOLLOWING SEARCH TERM: 
celiac disease 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Celiac Disease (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Celiac disease ‐ sprue" 
SCROLL TO THIS HEADING: Outlook 
(prognosis) 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
This healing most often occurs within 3 ‐ 6 
months in children, but it may take _‐_ 
____ in adults. 
 
KI‐21 
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ENTER THE FOLLOWING SEARCH TERM: 
poison ivy 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Poison Ivy, Oak and Sumac (National 
Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Poison ivy ‐ oak ‐ sumac" 
SCROLL TO THIS HEADING: Symptoms 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Symptoms can affect the ____ __ ____ in 
addition to the skin. 
 
KI‐22 
ENTER THE FOLLOWING SEARCH TERM: 
anemia 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Anemia (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Anemia" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
People with anemia do not have enough 
________. 
 
KI‐23 
ENTER THE FOLLOWING SEARCH TERM: 
lyme disease 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Lyme Disease (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Lyme disease" 
SCROLL TO THIS HEADING: Exams and 
Tests 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
A western blot test is done to confirm 
____ results. 
 
KI‐24 
ENTER THE FOLLOWING SEARCH TERM: 
hemophilia 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Hemophilia (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Hemophilia" 
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SCROLL TO THIS HEADING: Causes 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
The process involves special proteins 
called ________ factors. 
 
KI‐25 
ENTER THE FOLLOWING SEARCH TERM: 
concussion 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Concussion (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Concussion" 
SCROLL TO THIS HEADING: Exams and 
Tests 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
There may be changes in your pupil size, 
______ ______, coordination, and reflexes. 
 
KI‐26 
ENTER THE FOLLOWING SEARCH TERM: 
epilepsy 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Epilepsy (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Epilepsy" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Epilepsy seizures usually begin between 
ages __ __ __, but they can happen at any 
age. 
 
KI‐27 
ENTER THE FOLLOWING SEARCH TERM: 
fainting 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Fainting (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Fainting" 
SCROLL TO THIS HEADING: What to 
Expect at Your Office Visit 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Your _____ _______ may be measured in 
several different positions. 
 
KI‐28 
ENTER THE FOLLOWING SEARCH TERM: 
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melanoma 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Melanoma (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Melanoma" 
SCROLL TO THIS HEADING: Symptoms 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
The ABCDE system can help you 
remember possible _____ __ ______: 
 
KI‐29 
ENTER THE FOLLOWING SEARCH TERM: 
flu 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Flu (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Flu" 
SCROLL TO THIS HEADING: Symptoms 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
The cough and feeling tired may last for 
_____. 
 
KI‐30 
ENTER THE FOLLOWING SEARCH TERM: 
constipation 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Constipation (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Constipation" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Stress and _____ can also contribute to 
constipation or other changes in bowel 
habits. 
 
KI‐31 
ENTER THE FOLLOWING SEARCH TERM: 
indigestion 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Indigestion (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Indigestion" 
SCROLL TO THIS HEADING: Considerations 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
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Rarely, the discomfort of a ____ ______ is 
mistaken for indigestion. 
 
KI‐32 
ENTER THE FOLLOWING SEARCH TERM: 
hypoglycemia 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Hypoglycemia (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Hypoglycemia" 
SCROLL TO THIS HEADING: Causes 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
Babies who are born to mothers with 
diabetes may have _______ _____ in 
blood sugar. 
 
KI‐33 
ENTER THE FOLLOWING SEARCH TERM: 
diabetes 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Diabetes (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Diabetes" 
SCROLL TO THIS HEADING: Symptoms 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Because type 2 diabetes ______ _____, 
some people with high blood sugar have 
no symptoms. 
 
KI‐34 
ENTER THE FOLLOWING SEARCH TERM: 
muscular dystrophy 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Muscular Dystrophy (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Muscular dystrophy" 
SCROLL TO THIS HEADING: Exams and 
Tests 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
A muscle biopsy may be used to ______ 
___ ______. 
 
KI‐35 
ENTER THE FOLLOWING SEARCH TERM: 
arrhythmia 
 226 
 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Arrhythmias (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Arrhythmias" 
SCROLL TO THIS HEADING: Exams and 
Tests 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Your blood pressure may be ___ __ _____. 
 
KI‐36 
ENTER THE FOLLOWING SEARCH TERM: 
high blood pressure 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
High Blood Pressure (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"High blood pressure (Hypertension)" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
High blood pressure that is caused by 
another medical condition or medication 
is called ________ hypertension. 
 
KI‐37 
ENTER THE FOLLOWING SEARCH TERM: 
hiv/aids 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
HIV/AIDS (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Acute HIV Infection" 
SCROLL TO THIS HEADING: Treatment 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
There is still controversy about whether 
________ early treatment of HIV infection 
with anti‐HIV medications (also called 
antiretroviral medications) will slow the 
long term progression of disease. 
 
KI‐38 
ENTER THE FOLLOWING SEARCH TERM: 
depression 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Depression (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
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"Adolescent depression" 
SCROLL TO THIS HEADING: Treatment 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Treatment should be tailored to the 
teenager, and the________. 
 
KI‐39 
ENTER THE FOLLOWING SEARCH TERM: 
stds 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Sexually Transmitted Diseases (National 
Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Epididymitis" 
SCROLL TO THIS HEADING: Exams and 
Tests 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
It is important to distinguish this condition 
from _______ _______. 
 
KI‐40 
ENTER THE FOLLOWING SEARCH TERM: 
anxiety 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Anxiety (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Stress and anxiety" 
SCROLL TO THIS HEADING: Home Care 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
Try learning to make things with your 
hands, _______ __ ________, or listening 
to music. 
 
KI‐41 
ENTER THE FOLLOWING SEARCH TERM: 
phobias 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Phobias (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Social phobia" 
SCROLL TO THIS HEADING: Symptoms 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Social phobia is different from ________. 
 
KI‐42 
ENTER THE FOLLOWING SEARCH TERM: 
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sleep disorder 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Sleep Disorders (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Drowsiness" 
SCROLL TO THIS HEADING: Home Care 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
First, determine whether your fatigue is 
due to depression, anxiety, _______ or 
_____ . 
 
KI‐43 
ENTER THE FOLLOWING SEARCH TERM: 
sleep apnea 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Sleep Apnea (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Central sleep apnea" 
SCROLL TO THIS HEADING: Treatment 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Patients should avoid the use of any 
________ ________. 
 
KI‐44 
ENTER THE FOLLOWING SEARCH TERM: 
stroke 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Stroke (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Brain herniation" 
SCROLL TO THIS HEADING: Treatment 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Medications that remove fluid from the 
body, such as ________ or other diuretics, 
which reduce pressure inside the skull 
 
KI‐45 
ENTER THE FOLLOWING SEARCH TERM: 
tia 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Transient Ischemic Attack (National 
Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Transient ischemic attack" 
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SCROLL TO THIS HEADING: Exams and 
Tests 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
An abnormal sound called a ____ may be 
heard when listening to the carotid artery 
in the neck or other artery. 
 
KI‐46 
ENTER THE FOLLOWING SEARCH TERM: 
tmj 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Temporomandibular Joint Dysfunction 
(National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"TMJ disorders" 
SCROLL TO THIS HEADING: Exams and 
Tests 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Sometimes, the results of the ______ 
______ may appear normal. 
 
KI‐47 
ENTER THE FOLLOWING SEARCH TERM: 
uti 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Urinary Tract Infections (National Library 
of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Cystitis ‐ acute bacterial" 
SCROLL TO THIS HEADING: Treatment 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
Follow‐up may include ____ ______ to 
make sure the bacterial infection is gone. 
 
KI‐48 
ENTER THE FOLLOWING SEARCH TERM: 
eczema 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Eczema (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Atopic eczema" 
SCROLL TO THIS HEADING: Outlook 
(prognosis) 
FIND ANDCOMPLETE THE STATEMENT 
BELOW: 
In children, it often clears beginning 
around ___ _‐_ , but flareups will often 
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occur. 
 
KI‐49 
ENTER THE FOLLOWING SEARCH TERM: 
seizures 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Seizures (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Febrile seizures" 
SCROLL TO THIS HEADING: Outlook 
(prognosis) 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
However, simple febrile seizures are 
______. 
 
KI‐50 
ENTER THE FOLLOWING SEARCH TERM: 
bone cancer 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Bone Cancer (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Osteosarcoma" 
SCROLL TO THIS HEADING: Treatment 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Before major surgery to remove the 
tumor, ________ is usually given. 
 
KI‐51 
ENTER THE FOLLOWING SEARCH TERM: 
ulcer 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Peptic Ulcer (National Library of 
Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Peptic ulcer" 
SCROLL TO THIS HEADING: Causes 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
Most ulcers occur in the first layer of the 
_____ ______. 
 
KI‐52 
ENTER THE FOLLOWING SEARCH TERM: 
marfan 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Marfan Syndrome (National Library of 
Medicine) 
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IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Marfan syndrome" 
SCROLL TO THIS HEADING: Symptoms 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
When they stretch out their arms, the 
length of their arms is much greater than 
their ______. 
 
KI‐53 
ENTER THE FOLLOWING SEARCH TERM: 
dwarfism 
IN THE RESULTS LIST, FOLLOW THIS LINK: 
Dwarfism (National Library of Medicine) 
IN MEDICAL ENCYCLOPEDIA BOX AT 
RIGHT, FIND AND FOLLOW THIS LINK: 
"Achondroplasia" 
SCROLL TO THIS HEADING: Outlook 
(prognosis) 
FIND AND COMPLETE THE STATEMENT 
BELOW: 
People with achondroplasia seldom reach 
__ ____ in height. 
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Appendix E. Tasks for the Exploratory Task Type. 
You’ve just been notified that you have type II diabetes. You don’t know much 
about the disease and you've been asked to make changes to your diet. Using 
the device’s browser, please identify three resources that give good advice for 
dietary changes you could make right away. 
 
You’ve just been notified that you might have high blood pressure. You don’t 
know much about the disease and you have been asked to find ways to reduce 
stress in your life. Using the device’s browser, please identify three resources 
that give good advice for changes you could make right away. 
 
You’ve recently been diagnosed with depression. You don’t know much about 
the disease and you are interested in finding nearby treatment centers for 
counseling. Using the device’s browser, please identify three resources that 
give good advice on nearby treatment centers. 
 
Your doctor mentioned that you may have sleep apnea. You don’t know much 
about the disease and you are trying to locate a sleep disorder center in the 
region for further evaluation. Using the device’s browser, please identify three 
resources that give good advice on nearby centers. 
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Appendix F. List of Guidelines/Reminders for a Participant Session. 
1. Show demo and get consent 
2. Give and overview of the study 
3. Let them know their order of device presentation 
4. Show them video of task 
5. Provide reminders: 
a. Accuracy and speed equally important, training will be provided 
b. Will save video at the desktop after each training session and each testing 
session 
c. Queue up related document (match task card) then say ‘START’ when 
read to begin 
d. Read aloud only the missing information from the task card 
e. Beward that there might be pop-ups during training sessions 
f. Careful not to invoke the copy/paste command 
g. Do not us ctrl+f or other keyboard functions for the tasks 
h. Do not change the orientation of the device or lift it off the table 
i. For the Within Document tasks: 
i. Documents contain similar headings in the abstract at top, go 
beyond these 
ii. Look for the green highlighted ‘heading’ 
iii. Look for information under the heading or subheading specified, if 
you go beyond you’ve gone too far 
iv. Paging version only allows paging, scrolling version only allows 
scrolling 
j. For the Known Item tasks: 
i. Different task cards for the mobile condition and slight differences 
in task 
k. For the Exploratory tasks: 
i. Please announce each identified resource as you find it, be sure to 
look for something you think is a ‘good’ resource 
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Appendix G. Links to Training Videos 
 
The training videos can be found at: 
http://www.unc.edu/~marcial/KI_demo.wmv  
http://www.unc.edu/~marcial/WD_demo.wmv  
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Appendix H. Within Document Analysis Details 
Task Execution Time 
> summary(wd_tet_b_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = time ~ display device * pagination technique * gender 
+ 3 category group - 1 +  
    (1 | participant), data = wd_tet, REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)     
M - D == 0   15.332      2.920   5.252   <1e-04 *** 
T - D == 0   -3.054      2.920  -1.046    0.548     
T - M == 0  -18.386      2.909  -6.321   <1e-04 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
>  
> wd_tet_b_glht <- glht(wd_tet_b, linfct=mcp (pagination technique = 
"Tukey")) 
Warning message: 
In mcp2matrix(model, linfct = linfct) : 
  covariate interactions found -- default contrast might be inappropriate 
> summary(wd_tet_b_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = time ~ display device * pagination technique * gender 
+ 3 category group - 1 +  
    (1 | participant), data = wd_tet, REML = FALSE) 
 
Linear Hypotheses: 
            Estimate Std. Error z value Pr(>|z|) 
S - AP == 0    2.958      2.941   1.005    0.315 
(Adjusted p values reported -- single-step method) 
 
>  
> wd_tet_b_glht <- glht(wd_tet_b, linfct=mcp (gender = "Tukey")) 
Warning message: 
In mcp2matrix(model, linfct = linfct) : 
  covariate interactions found -- default contrast might be inappropriate 
> summary(wd_tet_b_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
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Fit: lmer(formula = time ~ display device * pagination technique * gender 
+ 3 category group - 1 +  
    (1 | participant), data = wd_tet, REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)   
M - F == 0    6.892      3.844   1.793    0.073 . 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
>  
> wd_tet_b_glht <- glht(wd_tet_b, linfct=mcp (3 category group = "Tukey")) 
> summary(wd_tet_b_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = time ~ display device * pagination technique * gender 
+ 3 category group - 1 +  
    (1 | participant), data = wd_tet, REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)   
I - C == 0   10.132      3.825   2.649   0.0217 * 
O - C == 0    6.369      3.115   2.045   0.1004   
O - I == 0   -3.763      3.316  -1.135   0.4897   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
Task Load 
> summary(wd_tlx_l) 
Linear mixed model fit by maximum likelihood  
Formula: ranksum ~ display device - 1 + (1 | participant)  
   Data: wd_tlx  
   AIC   BIC logLik deviance REMLdev 
 672.9 688.7 -331.4    662.9   665.7 
Random effects: 
 Groups      Name        Variance Std.Dev. 
 participant (Intercept) 1.4892   1.2203   
 Residual                2.0392   1.4280   
Number of obs: 173, groups: participant, 29 
 
Fixed effects: 
        Estimate Std. Error t value 
display deviceD   9.3449     0.2953   31.64 
display deviceT   9.1379     0.2941   31.07 
display deviceM  10.2759     0.2941   34.94 
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Correlation of Fixed Effects: 
        devicD devicM 
display deviceT 0.591  0.594  
display deviceM 0.591         
 
> pvals.fnc(wd_tlx_l, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
        Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
display deviceD    9.345    9.346      8.833      9.863 0.0001        0 
display deviceT    9.138    9.137      8.623      9.649 0.0001        0 
display deviceM   10.276   10.275      9.755     10.796 0.0001        0 
 
$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)   1.2203     0.8690   0.8797     0.6340     
1.1752 
2    Residual               1.4280     1.5446   1.5494     1.3586     
1.7351 
 
> wd_tlx_l_glht <- glht(wd_tlx_l, linfct=mcp (display device = "Tukey")) 
> summary(wd_tlx_l_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = ranksum ~ display device - 1 + (1 | participant), data 
= wd_tlx,  
    REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)     
M - D == 0   0.9310     0.2665   3.493  0.00134 **  
T - D == 0  -0.2070     0.2665  -0.777  0.71744     
T - M == 0  -1.1379     0.2652  -4.291  < 1e-04 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
Pagination Technique Task Load By Question 
> glm_mental <- glm(wd_cond_bin$mental ~ wd_cond_bin$display device -1, 
family = binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = wd_cond_bin$mental ~ wd_cond_bin$display device - 1, family 
= binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.0842  -0.9767  -0.9196   1.2735   1.4592   
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Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
wd_cond_bin$display deviceD  -0.6419     0.3907  -1.643    0.100 
wd_cond_bin$display deviceT  -0.4925     0.3827  -1.287    0.198 
wd_cond_bin$display deviceM  -0.2231     0.3873  -0.576    0.565 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 112.95  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 118.95 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_effort <- glm(wd_cond_bin$effort ~ wd_cond_bin$display device -1, 
family = binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = wd_cond_bin$effort ~ wd_cond_bin$display device - 1, family 
= binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.2668  -1.2090  -0.7433   1.0906   1.6861   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)    
wd_cond_bin$display deviceD -1.14513    0.43395  -2.639  0.00832 ** 
wd_cond_bin$display deviceT  0.20764    0.37339   0.556  0.57815    
wd_cond_bin$display deviceM  0.07411    0.38516   0.192  0.84742    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 109.34  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 115.34 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(wd_cond_bin$frustration ~ wd_cond_bin$display 
device -1, family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = wd_cond_bin$frustration ~ wd_cond_bin$display device -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.1483  -0.8383  -0.4673   1.2068   2.1301   
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Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)     
wd_cond_bin$display deviceD -2.15948    0.60971  -3.542 0.000397 *** 
wd_cond_bin$display deviceT -0.06899    0.37161  -0.186 0.852713     
wd_cond_bin$display deviceM -0.86500    0.42146  -2.052 0.040134 *   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.835  on 85  degrees of freedom 
Residual deviance:  92.274  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 98.274 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_performance <- glm(wd_cond_bin$performance ~ wd_cond_bin$display 
device -1, family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = wd_cond_bin$performance ~ wd_cond_bin$display device -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.7751  -1.2068   0.6809   0.9005   1.1483   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)    
wd_cond_bin$display deviceD  1.34373    0.45842   2.931  0.00338 ** 
wd_cond_bin$display deviceT  0.06899    0.37161   0.186  0.85271    
wd_cond_bin$display deviceM  0.69315    0.40825   1.698  0.08953 .  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 104.11  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 110.11 
 
Number of Fisher Scoring iterations: 4 
 
Usability 
> summary(wd_usab_dev_h) 
Linear mixed model fit by maximum likelihood  
Formula: ranksum ~ display device - 1 + (1 | participant)  
   Data: wd_usab_dev  
   AIC   BIC logLik deviance REMLdev 
 423.9 436.2 -206.9    413.9   412.7 
Random effects: 
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 Groups      Name        Variance Std.Dev. 
 participant (Intercept) 3.6254   1.9041   
 Residual                4.5339   2.1293   
Number of obs: 87, groups: participant, 29 
 
Fixed effects: 
        Estimate Std. Error t value 
display deviceD  21.2759     0.5304   40.11 
display deviceT  20.6897     0.5304   39.01 
display deviceM  16.9310     0.5304   31.92 
 
Correlation of Fixed Effects: 
        devicD devicM 
display deviceT 0.444  0.444  
display deviceM 0.444         
> pvals.fnc(wd_usab_dev_h, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
        Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
display deviceD    21.28    21.28      20.22      22.34 0.0001        0 
display deviceT    20.69    20.69      19.70      21.78 0.0001        0 
display deviceM    16.93    16.94      15.88      17.98 0.0001        0 
 
$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)   1.9041     0.9995   0.9518     0.0000     
1.5508 
2    Residual               2.1293     2.6274   2.6429     2.1251     
3.1390 
 
>  
> wd_usab_dev_h_glht <- glht(wd_usab_dev_h, linfct=mcp (display device = 
"Tukey")) 
> summary(wd_usab_dev_h_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = ranksum ~ display device - 1 + (1 | participant), data 
= wd_usab_dev,  
    REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)     
M - D == 0  -4.3448     0.5592  -7.770   <1e-04 *** 
T - D == 0  -0.5862     0.5592  -1.048    0.546     
T - M == 0   3.7586     0.5592   6.722   <1e-04 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
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Appendix I. Known Item Analysis Details 
Task Execution Time 
> summary(ki_tet_h) 
Linear mixed model fit by maximum likelihood  
Formula: time ~ device - 1 + (1 | participant)  
   Data: ki_tet  
  AIC  BIC logLik deviance REMLdev 
 3388 3408  -1689     3378    3370 
Random effects: 
 Groups      Name        Variance Std.Dev. 
 participant (Intercept)  46.436   6.8144  
 Residual                162.597  12.7514  
Number of obs: 420, groups: participant, 29 
 
Fixed effects: 
        Estimate Std. Error t value 
display deviceD   26.494      1.655   16.01 
display deviceT   35.646      1.663   21.44 
display deviceM   80.177      1.671   47.99 
 
Correlation of Fixed Effects: 
        devicD devicM 
display deviceT 0.582  0.576  
display deviceM 0.579         
 
> pvals.fnc(ki_tet_h, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
        Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
display deviceD    26.49    26.49      23.41      29.45 0.0001        0 
display deviceT    35.65    35.64      32.45      38.59 0.0001        0 
display deviceM    80.18    80.18      77.16      83.34 0.0001        0 
 
$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)   6.8144     5.8859   5.9550     4.2507     
7.8795 
2    Residual              12.7514    12.9372  12.9533    12.0376    
13.8553 
 
> ki_tet_h_glht <- glht(ki_tet_h, linfct=mcp (display device = "Tukey")) 
> summary(ki_tet_h_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = time ~ display device - 1 + (1 | participant), data = 
ki_tet,  
    REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)     
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M - D == 0   53.683      1.526  35.182   <1e-08 *** 
T - D == 0    9.152      1.517   6.033   <1e-08 *** 
T - M == 0  -44.531      1.534 -29.021   <1e-08 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
Task Execution Time Adjusting for Latency 
> summary(ki_tet_h) 
Linear mixed model fit by maximum likelihood  
Formula: adjtime ~ display device - 1 + (1 | participant)  
   Data: ki_tet  
  AIC  BIC logLik deviance REMLdev 
 3182 3202  -1586     3172    3166 
Random effects: 
 Groups      Name        Variance Std.Dev. 
 participant (Intercept) 28.791   5.3657   
 Residual                99.595   9.9797   
Number of obs: 420, groups: participant, 29 
 
Fixed effects: 
        Estimate Std. Error t value 
display deviceD   26.474      1.300   20.37 
display deviceT   35.660      1.306   27.31 
display deviceM   49.717      1.312   37.89 
 
Correlation of Fixed Effects: 
        devicD devicM 
display deviceT 0.585  0.579  
display deviceM 0.582         
 
> pvals.fnc(ki_tet_h, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
        Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
display deviceD    26.47    26.50      24.02      28.86 0.0001        0 
display deviceT    35.66    35.69      33.37      38.22 0.0001        0 
display deviceM    49.72    49.73      47.22      52.12 0.0001        0 
 
$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)   5.3657     4.6273   4.6887     3.3344     
6.1824 
2    Residual               9.9797    10.1231  10.1376     9.4053    
10.8132 
 
> ki_tet_h_glht <- glht(ki_tet_h, linfct=mcp (display device = "Tukey")) 
> summary(ki_tet_h_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 243 
 
Fit: lmer(formula = adjtime ~ display device - 1 + (1 | participant), data 
= ki_tet,  
    REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)     
M - D == 0   23.243      1.194  19.463   <1e-10 *** 
T - D == 0    9.187      1.187   7.737   <1e-10 *** 
T - M == 0  -14.056      1.201 -11.705   <1e-10 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
Task Execution Time Generic versus Mobile 
> summary(ki_tet_h) 
Linear mixed model fit by maximum likelihood  
Formula: time ~ generic vs. mobile - 1 + (1 | participant)  
   Data: ki_tet  
  AIC  BIC logLik deviance REMLdev 
 2428 2443  -1210     2420    2413 
Random effects: 
 Groups      Name        Variance Std.Dev. 
 participant (Intercept)  97.513   9.8748  
 Residual                315.885  17.7731  
Number of obs: 277, groups: participant, 29 
 
Fixed effects: 
           Estimate Std. Error t value 
generic vs. mobileG   80.112      2.383   33.62 
generic vs. mobileM   40.498      2.371   17.08 
 
Correlation of Fixed Effects: 
           cndtnF 
generic vs. mobileM 0.595 
 
> pvals.fnc(ki_tet_h, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
           Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
generic vs. mobileG    80.11    80.14      75.77      84.56 0.0001        
0 
generic vs. mobileM    40.50    40.50      36.09      44.74 0.0001        
0 
 
$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)   9.8748     8.2260   8.3217      5.626    
11.3100 
2    Residual              17.7731    18.1698  18.2031     16.611    
19.8711 
 
 
> ki_tet_h_glht <- glht(ki_tet_h, linfct=mcp (generic vs. mobile = 
"Tukey")) 
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> summary(ki_tet_h_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = time ~ generic vs. mobile - 1 + (1 | participant), 
data = ki_tet,  
    REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)     
M - G == 0  -39.614      2.139  -18.52   <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
Task Execution Time for Generic versus Mobile Adjusting for Latency 
> summary(ki_tet_h) 
Linear mixed model fit by maximum likelihood  
Formula: adjtime ~ generic vs. mobile - 1 + (1 | participant)  
   Data: ki_tet  
  AIC  BIC logLik deviance REMLdev 
 2342 2357  -1167     2334    2328 
Random effects: 
 Groups      Name        Variance Std.Dev. 
 participant (Intercept)  54.724   7.3976  
 Residual                236.904  15.3917  
Number of obs: 277, groups: participant, 29 
 
Fixed effects: 
           Estimate Std. Error t value 
generic vs. mobileG   49.656      1.904   26.09 
generic vs. mobileM   40.443      1.893   21.37 
 
Correlation of Fixed Effects: 
           cndtnG 
generic vs. mobileM 0.524 
 
> pvals.fnc(ki_tet_h, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
           Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
generic vs. mobileG    49.66    49.66      46.15      53.15 0.0001        
0 
generic vs. mobileM    40.44    40.43      36.98      43.97 0.0001        
0 
 
$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)   7.3976     6.2483   6.3093     3.9063     
8.7070 
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2    Residual              15.3917    15.7046  15.7354    14.3115    
17.0898 
 
> ki_tet_h_glht <- glht(ki_tet_h, linfct=mcp (generic vs. mobile = 
"Tukey")) 
> summary(ki_tet_h_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = adjtime ~ generic vs. mobile - 1 + (1 | participant), 
data = ki_tet,  
    REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)     
M - G == 0   -9.213      1.852  -4.973 6.58e-07 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
Task Load 
> summary(ki_tlx_h) 
Linear mixed model fit by maximum likelihood  
Formula: ranksum ~ display device - 1 + (1 | participant)  
   Data: ki_tlx  
   AIC   BIC logLik deviance REMLdev 
 361.5 373.8 -175.7    351.5   352.4 
Random effects: 
 Groups      Name        Variance Std.Dev. 
 participant (Intercept) 1.1312   1.0636   
 Residual                2.4994   1.5810   
Number of obs: 87, groups: participant, 29 
 
Fixed effects: 
        Estimate Std. Error t value 
display deviceD   8.3448     0.3538   23.59 
display deviceT   8.7586     0.3538   24.75 
display deviceM  12.0000     0.3538   33.92 
 
Correlation of Fixed Effects: 
        devicD devicM 
display deviceT 0.312  0.312  
display deviceM 0.312         
 
> pvals.fnc(ki_tlx_h, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
        Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
display deviceD    8.345    8.338      7.616      9.027 0.0001        0 
display deviceT    8.759    8.759      8.049      9.442 0.0001        0 
display deviceM   12.000   11.995     11.290     12.700 0.0001        0 
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$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)   1.0636     0.4654   0.4466     0.0000     
0.9115 
2    Residual               1.5810     1.8501   1.8583     1.5461     
2.1942 
 
> ki_tlx_h_glht <- glht(ki_tlx_h, linfct=mcp (display device = "Tukey")) 
> summary(ki_tlx_h_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = ranksum ~ display device - 1 + (1 | participant), data 
= ki_tlx,  
    REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)     
M - D == 0   3.6552     0.4152   8.804   <1e-04 *** 
T - D == 0   0.4138     0.4152   0.997    0.579     
T - M == 0  -3.2414     0.4152  -7.807   <1e-04 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
Task Load for Mobile 
> summary(ki_tlx_h) 
Linear mixed model fit by maximum likelihood  
Formula: ranksum ~ generic vs. mobile - 1 + (1 | participant)  
   Data: ki_tlx  
   AIC   BIC logLik deviance REMLdev 
 226.2 234.4 -109.1    218.2   219.4 
Random effects: 
 Groups      Name        Variance Std.Dev. 
 participant (Intercept) 1.2152   1.1024   
 Residual                1.5826   1.2580   
Number of obs: 58, groups: participant, 29 
 
Fixed effects: 
           Estimate Std. Error t value 
generic vs. mobileG   8.7586     0.3106   28.20 
generic vs. mobileM   9.0345     0.3106   29.09 
 
Correlation of Fixed Effects: 
           cndtnF 
generic vs. mobileM 0.434  
> pvals.fnc(ki_tlx_h, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
           Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
 247 
 
generic vs. mobileG    8.759    8.759      8.111      9.377 0.0001        
0 
generic vs. mobileM    9.034    9.035      8.416      9.685 0.0001        
0 
 
$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)   1.1024     0.2430   0.2735     0.0000     
0.7115 
2    Residual               1.2580     1.6642   1.6724     1.3464     
2.0225 
 
Usability 
> summary(ki_usab_dev_h) 
Linear mixed model fit by maximum likelihood  
Formula: ranksum ~ display device - 1 + (1 | participant)  
   Data: ki_usab_dev  
   AIC   BIC logLik deviance REMLdev 
 403.1 415.5 -196.6    393.1   392.6 
Random effects: 
 Groups      Name        Variance Std.Dev. 
 participant (Intercept) 2.7693   1.6641   
 Residual                3.6064   1.8991   
Number of obs: 87, groups: participant, 29 
 
Fixed effects: 
        Estimate Std. Error t value 
display deviceD  21.4828     0.4689   45.82 
display deviceT  21.0000     0.4689   44.79 
display deviceM  15.8621     0.4689   33.83 
 
Correlation of Fixed Effects: 
        devicD devicM 
display deviceT 0.434  0.434  
display deviceM 0.434         
>  
> pvals.fnc(ki_usab_dev_h, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
        Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
display deviceD    21.48    21.48      20.58      22.43 0.0001        0 
display deviceT    21.00    21.00      20.03      21.89 0.0001        0 
display deviceM    15.86    15.86      14.95      16.78 0.0001        0 
 
$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)   1.6641     0.8517   0.8073     0.0000     
1.3670 
2    Residual               1.8991     2.3387   2.3529     1.9223     
2.8315 
 
> ki_usab_dev_h_glht <- glht(ki_usab_dev_h, linfct=mcp (display device = 
"Tukey")) 
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> summary(ki_usab_dev_h_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = ranksum ~ display device - 1 + (1 | participant), data 
= ki_usab_dev,  
    REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)     
M - D == 0  -5.6207     0.4987 -11.270   <1e-04 *** 
T - D == 0  -0.4828     0.4987  -0.968    0.597     
T - M == 0   5.1379     0.4987  10.302   <1e-04 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
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Appendix J. Exploratory Analysis Details 
Task Execution Time 
> summary(exp_tet_j) 
Linear mixed model fit by maximum likelihood  
Formula: tt ~ display device + search exploration style - 1 + (1 | 
participant)  
   Data: exp_tet  
  AIC  BIC logLik deviance REMLdev 
 1057 1072 -522.7     1045    1014 
Random effects: 
 Groups      Name        Variance Std.Dev. 
 participant (Intercept) 3067.5   55.385   
 Residual                7390.9   85.970   
Number of obs: 87, groups: participant, 29 
 
Fixed effects: 
        Estimate Std. Error t value 
display deviceD   151.92      19.88   7.641 
display deviceT   185.37      19.88   9.323 
display deviceM   251.52      20.95  12.008 
search exploration styleSR   -122.45      28.49  -4.298 
 
Correlation of Fixed Effects: 
                             devicD devicM devicT 
display deviceM        0.379               
display deviceT        0.355  0.379        
search exploration styleSR  -0.296 -0.422 -0.296 
 
> pvals.fnc(exp_tet_j, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
        Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
display deviceD    151.9    155.1      115.9     194.75 0.0001        0 
display deviceT    185.4    188.8      150.2     229.14 0.0001        0 
display deviceM    251.5    256.6      214.7     297.96 0.0001        0 
search exploration styleSR    -122.4   -138.9     -192.3     -83.19 0.0001        
0 
 
$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)  55.3846    21.8595  21.8090     0.0000    
47.4449 
2    Residual              85.9704   100.4375 100.7624    83.5713   
117.7792 
 
> exp_tet_j_glht <- glht(exp_tet_j, linfct=mcp (display device = "Tukey")) 
> summary(exp_tet_j_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
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Fit: lmer(formula = tt ~ display device + search exploration style - 1 + 
(1 | participant), data = exp_tet,  
    REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)     
M - D == 0    99.60      22.77   4.374   <0.001 *** 
T - D == 0    33.44      22.58   1.481   0.2999     
T - M == 0   -66.15      22.77  -2.905   0.0102 *   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
>  
> exp_tet_j_glht <- glht(exp_tet_j, linfct=mcp (type = "Tukey")) 
> summary(exp_tet_j_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = tt ~ display device + search exploration style - 1 + 
(1 | participant), data = exp_tet,  
    REML = FALSE) 
 
Linear Hypotheses: 
             Estimate Std. Error z value Pr(>|z|)     
SR - FL == 0  -122.45      28.49  -4.298 1.72e-05 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
Task Load 
> summary(exp_tlx_k) 
Linear mixed model fit by maximum likelihood  
Formula: ranksum ~ display device + search exploration style - 1 + (1 | 
participant)  
   Data: exp_tlx  
   AIC   BIC logLik deviance REMLdev 
 317.2 331.9 -152.6    305.2   306.2 
Random effects: 
 Groups      Name        Variance Std.Dev. 
 participant (Intercept) 2.1251   1.4578   
 Residual                1.1188   1.0577   
Number of obs: 85, groups: participant, 29 
 
Fixed effects: 
        Estimate Std. Error t value 
display deviceD   8.9737     0.3696  24.280 
display deviceT   9.3627     0.3665  25.544 
display deviceM   9.7563     0.3696  26.397 
search exploration style SR   -2.0865     0.7250  -2.878 
 
 251 
 
Correlation of Fixed Effects: 
        devicD devicM devicT 
display deviceT  0.708  0.708        
display deviceM  0.703               
search exploration styleSR  -0.409 -0.409 -0.409 
> pvals.fnc(exp_tlx_k, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
        Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
display deviceD    8.974    8.959      8.272     9.6310 0.0001   0.0000 
display deviceT    9.363    9.356      8.723    10.0637 0.0001   0.0000 
display deviceM    9.756    9.745      9.078    10.3975 0.0001   0.0000 
search exploration styleSR    -2.087   -2.085     -3.103    -0.9765 0.0002   
0.0051 
 
$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)   1.4578     0.8019   0.8013     0.4745     
1.1749 
2    Residual               1.0577     1.4889   1.5004     1.2118     
1.8146 
 
> exp_tlx_h_glht <- glht(exp_tlx_k, linfct=mcp (display device = "Tukey")) 
> summary(exp_tlx_h_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = ranksum ~ display device + type - 1 + (1 | 
participant),  
    data = exp_tlx, REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)   
M - D == 0   0.7826     0.2847   2.749   0.0166 * 
T - D == 0   0.3890     0.2812   1.383   0.3496   
T - M == 0  -0.3936     0.2812  -1.400   0.3410   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
> exp_tlx_h_glht <- glht(exp_tlx_k, linfct=mcp (type = "Tukey")) 
> summary(exp_tlx_h_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
 
Fit: lmer(formula = ranksum ~ display device + search exploration style - 
1 + (1 | participant),  
    data = exp_tlx, REML = FALSE) 
 
Linear Hypotheses: 
             Estimate Std. Error z value Pr(>|z|)    
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SR - FL == 0   -2.087      0.725  -2.878    0.004 ** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
Usability 
> summary(exp_usab_dev_h) 
Linear mixed model fit by maximum likelihood  
Formula: ranksum ~ display device - 1 + (1 | participant)  
   Data: exp_usab_dev  
   AIC   BIC logLik deviance REMLdev 
 430.3 442.6 -210.2    420.3   418.9 
Random effects: 
 Groups      Name        Variance Std.Dev. 
 participant (Intercept) 2.7364   1.6542   
 Residual                5.3920   2.3221   
Number of obs: 87, groups: participant, 29 
 
Fixed effects: 
        Estimate Std. Error t value 
display deviceD  22.1379     0.5294   41.82 
display deviceT  20.6552     0.5294   39.02 
display deviceM  16.4483     0.5294   31.07 
 
Correlation of Fixed Effects: 
        devicD devicM 
display deviceT 0.337  0.337  
display deviceM 0.337         
> pvals.fnc(exp_usab_dev_h, nsim=10000, withMCMC=FALSE, addPlot=TRUE) 
$fixed 
        Estimate MCMCmean HPD95lower HPD95upper  pMCMC Pr(>|t|) 
display deviceD    22.14    22.13      21.13      23.21 0.0001        0 
display deviceT    20.66    20.65      19.62      21.74 0.0001        0 
display deviceM    16.45    16.44      15.34      17.47 0.0001        0 
 
$random 
       Groups        Name Std.Dev. MCMCmedian MCMCmean HPD95lower 
HPD95upper 
1 participant (Intercept)   1.6542     0.7566   0.7210     0.0000     
1.3931 
2    Residual               2.3221     2.7434   2.7575     2.2545     
3.2316 
 
>  
> exp_usab_dev_h_glht <- glht(exp_usab_dev_h, linfct=mcp (display device = 
"Tukey")) 
> summary(exp_usab_dev_h_glht) 
 
         Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: Tukey Contrasts 
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Fit: lmer(formula = ranksum ~ display device - 1 + (1 | participant), data 
= exp_usab_dev,  
    REML = FALSE) 
 
Linear Hypotheses: 
           Estimate Std. Error z value Pr(>|z|)     
M - D == 0  -5.6897     0.6098  -9.330   <1e-04 *** 
T - D == 0  -1.4828     0.6098  -2.432   0.0398 *   
T - M == 0   4.2069     0.6098   6.899   <1e-04 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Adjusted p values reported -- single-step method) 
 
  
 254 
 
Appendix K.  Demographic Questionnaire 
What is your age? _______ 
Gender:  Male  Female 
Are you a currently enrolled student?  Yes  No 
Are you experienced with using touchscreen and/or multi-touch devices?  Yes  
No 
Please describe in terms of hours per week how often you use a touchscreen 
device. ______________ 
Do you or have you used a touchscreen device to search for information on the 
internet? 
Never  Less than Once a Month  Once a Month  2-3 Times a Month  Once a 
Week  2-3 Times a Week  Daily 
Have you used an iPad? Yes No* 
Year in school: Freshman Sophomore Junior Senior* 
Major: ___________* 
Mobile device you use regularly: [make and model]* 
 
*These questions were added during testing and asked of all participants 
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Appendix L. Within Document task load  Pagination Technique 
Comparison Results 
 
> glm_mental <- glm(wd_cond_bin$mental ~ wd_cond_bin$device -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = wd_cond_bin$mental ~ wd_cond_bin$device - 1, family = 
binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.0842  -0.9767  -0.9196   1.2735   1.4592   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
wd_cond_bin$deviceD  -0.6419     0.3907  -1.643    0.100 
wd_cond_bin$deviceM  -0.2231     0.3873  -0.576    0.565 
wd_cond_bin$deviceT  -0.4925     0.3827  -1.287    0.198 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 112.95  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 118.95 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_effort <- glm(wd_cond_bin$effort ~ wd_cond_bin$device -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = wd_cond_bin$effort ~ wd_cond_bin$device - 1, family = 
binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.2668  -1.2090  -0.7433   1.0906   1.6861   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)    
wd_cond_bin$deviceD -1.14513    0.43395  -2.639  0.00832 ** 
wd_cond_bin$deviceM  0.07411    0.38516   0.192  0.84742    
wd_cond_bin$deviceT  0.20764    0.37339   0.556  0.57815    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 109.34  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
 256 
 
AIC: 115.34 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(wd_cond_bin$frustration ~ wd_cond_bin$device -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = wd_cond_bin$frustration ~ wd_cond_bin$device -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.1483  -0.8383  -0.4673   1.2068   2.1301   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)     
wd_cond_bin$deviceD -2.15948    0.60971  -3.542 0.000397 *** 
wd_cond_bin$deviceM -0.86500    0.42146  -2.052 0.040134 *   
wd_cond_bin$deviceT -0.06899    0.37161  -0.186 0.852713     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.835  on 85  degrees of freedom 
Residual deviance:  92.274  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 98.274 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_performance <- glm(wd_cond_bin$performance ~ wd_cond_bin$device -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = wd_cond_bin$performance ~ wd_cond_bin$device -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.7751  -1.2068   0.6809   0.9005   1.1483   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)    
wd_cond_bin$deviceD  1.34373    0.45842   2.931  0.00338 ** 
wd_cond_bin$deviceM  0.69315    0.40825   1.698  0.08953 .  
wd_cond_bin$deviceT  0.06899    0.37161   0.186  0.85271    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
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    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 104.11  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 110.11 
 
Number of Fisher Scoring iterations: 4 
 
>  
>  
>  
> glm_mental <- glm(wd_cond_bin$mental ~ wd_cond_bin$group -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = wd_cond_bin$mental ~ wd_cond_bin$group - 1, family = 
binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.1213  -1.0474  -0.8106   1.3132   1.5956   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|)   
wd_cond_bin$groupC  -0.9445     0.4454  -2.120    0.034 * 
wd_cond_bin$groupI  -0.1335     0.5175  -0.258    0.796   
wd_cond_bin$groupO  -0.3137     0.3018  -1.039    0.299   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 111.67  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 117.67 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_effort <- glm(wd_cond_bin$effort ~ wd_cond_bin$group -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = wd_cond_bin$effort ~ wd_cond_bin$group - 1, family = 
binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.2346  -0.9741  -0.9741   1.2116   1.3953   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|) 
wd_cond_bin$groupC -0.08004    0.40032  -0.200    0.842 
wd_cond_bin$groupI  0.13353    0.51755   0.258    0.796 
wd_cond_bin$groupO -0.49899    0.30747  -1.623    0.105 
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(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 115.01  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 121.01 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_performance <- glm(wd_cond_bin$performance ~ wd_cond_bin$group -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = wd_cond_bin$performance ~ wd_cond_bin$group - 1,  
    family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.5956  -1.4381   0.8106   0.9374   1.0108   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|)   
wd_cond_bin$groupC   0.9445     0.4454   2.120   0.0340 * 
wd_cond_bin$groupI   0.4055     0.5270   0.769   0.4417   
wd_cond_bin$groupO   0.5947     0.3114   1.910   0.0562 . 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 108.41  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 114.41 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(wd_cond_bin$frustration ~ wd_cond_bin$group -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = wd_cond_bin$frustration ~ wd_cond_bin$group - 1,  
    family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.0108  -0.8633  -0.6681   1.3537   1.7941   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|)    
wd_cond_bin$groupC  -1.3863     0.5000  -2.773  0.00556 ** 
wd_cond_bin$groupI  -0.4055     0.5270  -0.769  0.44171    
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wd_cond_bin$groupO  -0.7949     0.3220  -2.469  0.01356 *  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 101.01  on 82  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 107.01 
 
Number of Fisher Scoring iterations: 4 
 
>  
>  
>  
> glm_mental <- glm(wd_cond_bin$mental ~ wd_cond_bin$gender -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = wd_cond_bin$mental ~ wd_cond_bin$gender - 1, family = 
binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.0753  -1.0753  -0.9131   1.2831   1.4671   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
wd_cond_bin$genderF  -0.2451     0.3147  -0.779   0.4360   
wd_cond_bin$genderM  -0.6592     0.3180  -2.073   0.0382 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 112.69  on 83  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 116.69 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_effort <- glm(wd_cond_bin$effort ~ wd_cond_bin$gender -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = wd_cond_bin$effort ~ wd_cond_bin$gender - 1, family = 
binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.1774  -1.1774  -0.9544   1.1774   1.4181   
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Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
wd_cond_bin$genderF  -0.5500     0.3242  -1.696   0.0898 . 
wd_cond_bin$genderM   0.0000     0.3015   0.000   1.0000   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 114.85  on 83  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 118.85 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_performance <- glm(wd_cond_bin$performance ~ wd_cond_bin$gender -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = wd_cond_bin$performance ~ wd_cond_bin$gender -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.4671  -1.4660   0.9131   0.9140   0.9140   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
wd_cond_bin$genderF   0.6568     0.3293   1.994   0.0461 * 
wd_cond_bin$genderM   0.6592     0.3180   2.073   0.0382 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 109.11  on 83  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 113.11 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(wd_cond_bin$frustration ~ wd_cond_bin$gender -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = wd_cond_bin$frustration ~ wd_cond_bin$gender -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.8369  -0.8369  -0.8322   1.5616   1.5676   
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Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)    
wd_cond_bin$genderF  -0.8824     0.3432  -2.571  0.01015 *  
wd_cond_bin$genderM  -0.8690     0.3304  -2.630  0.00854 ** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 102.98  on 83  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 106.98 
 
Number of Fisher Scoring iterations: 4 
 
>  
>  
>  
> glm_mental <- glm(wd_cond_bin$mental ~ wd_cond_bin$group2 -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = wd_cond_bin$mental ~ wd_cond_bin$group2 - 1, family = 
binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.0474  -1.0474  -0.9282   1.3132   1.4490   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
wd_cond_bin$group2C  -0.6190     0.3315  -1.867   0.0618 . 
wd_cond_bin$group2O  -0.3137     0.3018  -1.039   0.2987   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 113.09  on 83  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 117.09 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_effort <- glm(wd_cond_bin$effort ~ wd_cond_bin$group2 -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = wd_cond_bin$effort ~ wd_cond_bin$group2 - 1, family = 
binomial) 
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Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.1774  -0.9741  -0.9741   1.1774   1.3953   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
wd_cond_bin$group2C   0.0000     0.3162   0.000    1.000 
wd_cond_bin$group2O  -0.4990     0.3075  -1.623    0.105 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 115.12  on 83  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 119.12 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_performance <- glm(wd_cond_bin$performance ~ wd_cond_bin$group2 -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = wd_cond_bin$performance ~ wd_cond_bin$group2 -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.4993  -1.4381   0.8866   0.9374   0.9374   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
wd_cond_bin$group2C   0.7309     0.3376   2.165   0.0304 * 
wd_cond_bin$group2O   0.5947     0.3114   1.910   0.0562 . 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 109.02  on 83  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 113.02 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(wd_cond_bin$frustration ~ wd_cond_bin$group2 -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = wd_cond_bin$frustration ~ wd_cond_bin$group2 -  
    1, family = binomial) 
 
Deviance Residuals:  
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    Min       1Q   Median       3Q      Max   
-0.8633  -0.8633  -0.8020   1.5281   1.6068   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)    
wd_cond_bin$group2C  -0.9694     0.3541  -2.738  0.00619 ** 
wd_cond_bin$group2O  -0.7949     0.3220  -2.469  0.01356 *  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 117.84  on 85  degrees of freedom 
Residual deviance: 102.85  on 83  degrees of freedom 
  (2 observations deleted due to missingness) 
AIC: 106.85 
 
Number of Fisher Scoring iterations: 4 
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Appendix M. Known Item task load Generic versus Mobile Website Results 
> glm_mental <- glm(ki_cond_bin$mental ~ ki_cond_bin$group -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = ki_cond_bin$mental ~ ki_cond_bin$group - 1, family = 
binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.4854  -0.4854  -0.3715  -0.3715   2.3272   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|)   
ki_cond_bin$groupC   -2.079      1.061  -1.961   0.0499 * 
ki_cond_bin$groupI  -19.566   4809.341  -0.004   0.9968   
ki_cond_bin$groupO   -2.639      1.035  -2.550   0.0108 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 40.203  on 29  degrees of freedom 
Residual deviance: 13.627  on 26  degrees of freedom 
AIC: 19.627 
 
Number of Fisher Scoring iterations: 18 
 
>  
> glm_effort <- glm(ki_cond_bin$effort ~ ki_cond_bin$group -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = ki_cond_bin$effort ~ ki_cond_bin$group - 1, family = 
binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|) 
ki_cond_bin$groupC   -25.57   72000.04       0        1 
ki_cond_bin$groupI   -25.57   96598.19       0        1 
ki_cond_bin$groupO   -25.57   55770.99       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 4.0203e+01  on 29  degrees of freedom 
Residual deviance: 4.5733e-10  on 26  degrees of freedom 
AIC: 6 
 
Number of Fisher Scoring iterations: 24 
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>  
> glm_performance <- glm(ki_cond_bin$performance ~ ki_cond_bin$group -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = ki_cond_bin$performance ~ ki_cond_bin$group - 1,  
    family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|) 
ki_cond_bin$groupC   -25.57   72000.04       0        1 
ki_cond_bin$groupI   -25.57   96598.19       0        1 
ki_cond_bin$groupO   -25.57   55770.99       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 4.0203e+01  on 29  degrees of freedom 
Residual deviance: 4.5733e-10  on 26  degrees of freedom 
AIC: 6 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_frustration <- glm(ki_cond_bin$frustration ~ ki_cond_bin$group -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = ki_cond_bin$frustration ~ ki_cond_bin$group - 1,  
    family = binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-0.48535  -0.48535  -0.00003  -0.00003   2.09629   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
ki_cond_bin$groupC    -2.079      1.061  -1.961   0.0499 * 
ki_cond_bin$groupI   -21.566  13073.144  -0.002   0.9987   
ki_cond_bin$groupO   -21.566   7547.783  -0.003   0.9977   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 40.203  on 29  degrees of freedom 
Residual deviance:  6.279  on 26  degrees of freedom 
AIC: 12.279 
 
Number of Fisher Scoring iterations: 20 
 
 266 
 
> glm_mental <- glm(ki_cond_bin$mental ~ ki_cond_bin$gender -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = ki_cond_bin$mental ~ ki_cond_bin$gender - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-0.53498  -0.53498  -0.00005  -0.00005   2.00744   
 
Coefficients: 
                     Estimate Std. Error z value Pr(>|z|)   
ki_cond_bin$genderF  -20.5661  4738.6407  -0.004   0.9965   
ki_cond_bin$genderM   -1.8718     0.7596  -2.464   0.0137 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 40.203  on 29  degrees of freedom 
Residual deviance: 11.780  on 27  degrees of freedom 
AIC: 15.78 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_effort <- glm(ki_cond_bin$effort ~ ki_cond_bin$gender -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = ki_cond_bin$effort ~ ki_cond_bin$gender - 1, family = 
binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
ki_cond_bin$genderF   -25.57   57728.46       0        1 
ki_cond_bin$genderM   -25.57   55770.99       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 4.0203e+01  on 29  degrees of freedom 
Residual deviance: 4.5733e-10  on 27  degrees of freedom 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_performance <- glm(ki_cond_bin$performance ~ ki_cond_bin$gender -1, 
family = binomial) 
> summary(glm_performance) 
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Call: 
glm(formula = ki_cond_bin$performance ~ ki_cond_bin$gender -  
    1, family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
ki_cond_bin$genderF   -25.57   57728.46       0        1 
ki_cond_bin$genderM   -25.57   55770.99       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 4.0203e+01  on 29  degrees of freedom 
Residual deviance: 4.5733e-10  on 27  degrees of freedom 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_frustration <- glm(ki_cond_bin$frustration ~ ki_cond_bin$gender -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = ki_cond_bin$frustration ~ ki_cond_bin$gender -  
    1, family = binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-0.37146  -0.37146  -0.00005  -0.00005   2.32725   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
ki_cond_bin$genderF  -20.566   4738.641  -0.004   0.9965   
ki_cond_bin$genderM   -2.639      1.035  -2.550   0.0108 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 40.2025  on 29  degrees of freedom 
Residual deviance:  7.3479  on 27  degrees of freedom 
AIC: 11.348 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_mental <- glm(ki_cond_bin$mental ~ ki_cond_bin$group2 -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
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glm(formula = ki_cond_bin$mental ~ ki_cond_bin$group2 - 1, family = 
binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.3850  -0.3850  -0.3715  -0.3715   2.3272   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
ki_cond_bin$group2C   -2.565      1.038  -2.472   0.0134 * 
ki_cond_bin$group2O   -2.639      1.035  -2.550   0.0108 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 40.203  on 29  degrees of freedom 
Residual deviance: 14.553  on 27  degrees of freedom 
AIC: 18.553 
 
Number of Fisher Scoring iterations: 5 
 
>  
> glm_effort <- glm(ki_cond_bin$effort ~ ki_cond_bin$group2 -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = ki_cond_bin$effort ~ ki_cond_bin$group2 - 1, family = 
binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
ki_cond_bin$group2C   -25.57   57728.46       0        1 
ki_cond_bin$group2O   -25.57   55770.99       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 4.0203e+01  on 29  degrees of freedom 
Residual deviance: 4.5733e-10  on 27  degrees of freedom 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_performance <- glm(ki_cond_bin$performance ~ ki_cond_bin$group2 -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = ki_cond_bin$performance ~ ki_cond_bin$group2 -  
    1, family = binomial) 
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Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
ki_cond_bin$group2C   -25.57   57728.46       0        1 
ki_cond_bin$group2O   -25.57   55770.99       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 4.0203e+01  on 29  degrees of freedom 
Residual deviance: 4.5733e-10  on 27  degrees of freedom 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_frustration <- glm(ki_cond_bin$frustration ~ ki_cond_bin$group2 -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = ki_cond_bin$frustration ~ ki_cond_bin$group2 -  
    1, family = binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-0.38499  -0.38499  -0.00005  -0.00005   2.29741   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
ki_cond_bin$group2C   -2.565      1.038  -2.472   0.0134 * 
ki_cond_bin$group2O  -20.566   4577.962  -0.004   0.9964   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 40.2025  on 29  degrees of freedom 
Residual deviance:  7.2049  on 27  degrees of freedom 
AIC: 11.205 
 
Number of Fisher Scoring iterations: 19 
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Appendix I. task load Display Device Results 
WD 
> glm_mental <- glm(wd_tlx_trip$mental ~ wd_tlx_trip$group -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = wd_tlx_trip$mental ~ wd_tlx_trip$group - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-2.29741   0.00005   0.00005   0.38499   0.38499   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|)   
wd_tlx_trip$groupC   20.566   5910.123   0.003   0.9972   
wd_tlx_trip$groupI   20.566   7929.263   0.003   0.9979   
wd_tlx_trip$groupO    2.565      1.038   2.472   0.0134 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.8162  on 28  degrees of freedom 
Residual deviance:  7.2049  on 25  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 13.205 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_effort <- glm(wd_tlx_trip$effort ~ wd_tlx_trip$group -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = wd_tlx_trip$effort ~ wd_tlx_trip$group - 1, family = 
binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|) 
wd_tlx_trip$groupC   -25.57   72000.04       0        1 
wd_tlx_trip$groupI   -25.57   96598.19       0        1 
wd_tlx_trip$groupO   -25.57   57728.46       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 25  degrees of freedom 
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  (1 observation deleted due to missingness) 
AIC: 6 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_performance <- glm(wd_tlx_trip$performance ~ wd_tlx_trip$group -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = wd_tlx_trip$performance ~ wd_tlx_trip$group - 1,  
    family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.0108  -0.5553  -0.5553  -0.4854   2.0963   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|)   
wd_tlx_trip$groupC  -2.0794     1.0606  -1.961   0.0499 * 
wd_tlx_trip$groupI  -0.4055     0.9129  -0.444   0.6569   
wd_tlx_trip$groupO  -1.7918     0.7638  -2.346   0.0190 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 24.492  on 25  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 30.492 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(wd_tlx_trip$frustration ~ wd_tlx_trip$group -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = wd_tlx_trip$frustration ~ wd_tlx_trip$group - 1,  
    family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|) 
wd_tlx_trip$groupC   -25.57   72000.04       0        1 
wd_tlx_trip$groupI   -25.57   96598.19       0        1 
wd_tlx_trip$groupO   -25.57   57728.46       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
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Residual deviance: 4.4156e-10  on 25  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 6 
 
Number of Fisher Scoring iterations: 24 
 
>  
>  
>  
> glm_mental <- glm(wd_tlx_trip$mental ~ wd_tlx_trip$gender -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = wd_tlx_trip$mental ~ wd_tlx_trip$gender - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-2.32725   0.00005   0.18576   0.37146   0.37146   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
wd_tlx_trip$genderF   20.566   4917.520   0.004   0.9967   
wd_tlx_trip$genderM    2.639      1.035   2.550   0.0108 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.8162  on 28  degrees of freedom 
Residual deviance:  7.3479  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 11.348 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_effort <- glm(wd_tlx_trip$effort ~ wd_tlx_trip$gender -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = wd_tlx_trip$effort ~ wd_tlx_trip$gender - 1, family = 
binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
wd_tlx_trip$genderF   -25.57   59907.66       0        1 
wd_tlx_trip$genderM   -25.57   55770.99       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
 273 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_performance <- glm(wd_tlx_trip$performance ~ wd_tlx_trip$gender -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = wd_tlx_trip$performance ~ wd_tlx_trip$gender -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.7244  -0.7244  -0.5350  -0.5350   2.0074   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
wd_tlx_trip$genderF  -1.2040     0.6583  -1.829   0.0674 . 
wd_tlx_trip$genderM  -1.8718     0.7596  -2.464   0.0137 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 25.826  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 29.826 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(wd_tlx_trip$frustration ~ wd_tlx_trip$gender -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = wd_tlx_trip$frustration ~ wd_tlx_trip$gender -  
    1, family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
wd_tlx_trip$genderF   -25.57   59907.66       0        1 
wd_tlx_trip$genderM   -25.57   55770.99       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
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Residual deviance: 4.4156e-10  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
>  
> glm_mental <- glm(wd_tlx_trip$mental ~ wd_tlx_trip$group2 -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = wd_tlx_trip$mental ~ wd_tlx_trip$group2 - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-2.29741   0.00005   0.00005   0.38499   0.38499   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
wd_tlx_trip$group2C   20.566   4738.641   0.004   0.9965   
wd_tlx_trip$group2O    2.565      1.038   2.472   0.0134 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.8162  on 28  degrees of freedom 
Residual deviance:  7.2049  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 11.205 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_effort <- glm(wd_tlx_trip$effort ~ wd_tlx_trip$group2 -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = wd_tlx_trip$effort ~ wd_tlx_trip$group2 - 1, family = 
binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
wd_tlx_trip$group2C   -25.57   57728.46       0        1 
wd_tlx_trip$group2O   -25.57   57728.46       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
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Residual deviance: 4.4156e-10  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_performance <- glm(wd_tlx_trip$performance ~ wd_tlx_trip$group2 -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = wd_tlx_trip$performance ~ wd_tlx_trip$group2 -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.6945  -0.6945  -0.5553  -0.5553   1.9728   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
wd_tlx_trip$group2C  -1.2993     0.6513  -1.995   0.0461 * 
wd_tlx_trip$group2O  -1.7918     0.7638  -2.346   0.0190 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 26.031  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 30.031 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(wd_tlx_trip$frustration ~ wd_tlx_trip$group2 -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = wd_tlx_trip$frustration ~ wd_tlx_trip$group2 -  
    1, family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
wd_tlx_trip$group2C   -25.57   57728.46       0        1 
wd_tlx_trip$group2O   -25.57   57728.46       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 26  degrees of freedom 
 276 
 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
 
KI 
> glm_mental <- glm(ki_tlx_trip$mental ~ ki_tlx_trip$group -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = ki_tlx_trip$mental ~ ki_tlx_trip$group - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-1.97277   0.00005   0.00005   0.55525   0.55525   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
ki_tlx_trip$groupC   20.5661  5910.1233   0.003    0.997   
ki_tlx_trip$groupI   20.5661  7929.2625   0.003    0.998   
ki_tlx_trip$groupO    1.7918     0.7638   2.346    0.019 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 11.483  on 25  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 17.483 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_effort <- glm(ki_tlx_trip$effort ~ ki_tlx_trip$group -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = ki_tlx_trip$effort ~ ki_tlx_trip$group - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-0.48535  -0.48535  -0.00003  -0.00003   2.09629   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
ki_tlx_trip$groupC    -2.079      1.061  -1.961   0.0499 * 
ki_tlx_trip$groupI   -21.566  13073.144  -0.002   0.9987   
ki_tlx_trip$groupO   -21.566   7812.698  -0.003   0.9978   
--- 
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Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance:  6.279  on 25  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 12.279 
 
Number of Fisher Scoring iterations: 20 
 
>  
> glm_performance <- glm(ki_tlx_trip$performance ~ ki_tlx_trip$group -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = ki_tlx_trip$performance ~ ki_tlx_trip$group - 1,  
    family = binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-0.55525  -0.55525  -0.48535  -0.00013   2.09629   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
ki_tlx_trip$groupC   -2.0794     1.0607  -1.961   0.0499 * 
ki_tlx_trip$groupI  -18.5661  2917.0127  -0.006   0.9949   
ki_tlx_trip$groupO   -1.7918     0.7638  -2.346   0.0190 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 17.762  on 25  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 23.762 
 
Number of Fisher Scoring iterations: 17 
 
>  
> glm_frustration <- glm(ki_tlx_trip$frustration ~ ki_tlx_trip$group -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = ki_tlx_trip$frustration ~ ki_tlx_trip$group - 1,  
    family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                   Estimate Std. Error z value Pr(>|z|) 
ki_tlx_trip$groupC   -25.57   72000.04       0        1 
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ki_tlx_trip$groupI   -25.57   96598.19       0        1 
ki_tlx_trip$groupO   -25.57   57728.46       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 25  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 6 
 
Number of Fisher Scoring iterations: 24 
 
>  
>  
>  
> glm_mental <- glm(ki_tlx_trip$mental ~ ki_tlx_trip$gender -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = ki_tlx_trip$mental ~ ki_tlx_trip$gender - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-2.00744   0.00005   0.00005   0.53498   0.53498   
 
Coefficients: 
                     Estimate Std. Error z value Pr(>|z|)   
ki_tlx_trip$genderF   20.5661  4917.5198   0.004   0.9967   
ki_tlx_trip$genderM    1.8718     0.7596   2.464   0.0137 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 11.780  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 15.78 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_effort <- glm(ki_tlx_trip$effort ~ ki_tlx_trip$gender -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = ki_tlx_trip$effort ~ ki_tlx_trip$gender - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-0.37146  -0.37146  -0.18576  -0.00005   2.32725   
 
Coefficients: 
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                    Estimate Std. Error z value Pr(>|z|)   
ki_tlx_trip$genderF  -20.566   4917.520  -0.004   0.9967   
ki_tlx_trip$genderM   -2.639      1.035  -2.550   0.0108 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.8162  on 28  degrees of freedom 
Residual deviance:  7.3479  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 11.348 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_performance <- glm(ki_tlx_trip$performance ~ ki_tlx_trip$gender -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = ki_tlx_trip$performance ~ ki_tlx_trip$gender -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.5780  -0.5780  -0.3715  -0.3715   2.3272   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
ki_tlx_trip$genderF  -1.7047     0.7687  -2.218   0.0266 * 
ki_tlx_trip$genderM  -2.6391     1.0351  -2.550   0.0108 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 18.510  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 22.51 
 
Number of Fisher Scoring iterations: 5 
 
>  
> glm_frustration <- glm(ki_tlx_trip$frustration ~ ki_tlx_trip$gender -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = ki_tlx_trip$frustration ~ ki_tlx_trip$gender -  
    1, family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
 280 
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
ki_tlx_trip$genderF   -25.57   59907.66       0        1 
ki_tlx_trip$genderM   -25.57   55770.99       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
>  
> glm_mental <- glm(ki_tlx_trip$mental ~ ki_tlx_trip$group2 -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = ki_tlx_trip$mental ~ ki_tlx_trip$group2 - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-1.97277   0.00005   0.00005   0.55525   0.55525   
 
Coefficients: 
                     Estimate Std. Error z value Pr(>|z|)   
ki_tlx_trip$group2C   20.5661  4738.6407   0.004    0.997   
ki_tlx_trip$group2O    1.7918     0.7638   2.346    0.019 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 11.483  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 15.483 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_effort <- glm(ki_tlx_trip$effort ~ ki_tlx_trip$group2 -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = ki_tlx_trip$effort ~ ki_tlx_trip$group2 - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-0.38499  -0.38499  -0.00005  -0.00005   2.29741   
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Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
ki_tlx_trip$group2C   -2.565      1.038  -2.472   0.0134 * 
ki_tlx_trip$group2O  -20.566   4738.641  -0.004   0.9965   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.8162  on 28  degrees of freedom 
Residual deviance:  7.2049  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 11.205 
 
Number of Fisher Scoring iterations: 19 
 
>  
>  
> glm_performance <- glm(ki_tlx_trip$performance ~ ki_tlx_trip$group2 -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = ki_tlx_trip$performance ~ ki_tlx_trip$group2 -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.5553  -0.5553  -0.3850  -0.3850   2.2974   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
ki_tlx_trip$group2C  -2.5649     1.0377  -2.472   0.0134 * 
ki_tlx_trip$group2O  -1.7918     0.7638  -2.346   0.0190 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 18.688  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 22.688 
 
Number of Fisher Scoring iterations: 5 
 
>  
> glm_frustration <- glm(ki_tlx_trip$frustration ~ ki_tlx_trip$group2 -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = ki_tlx_trip$frustration ~ ki_tlx_trip$group2 -  
    1, family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
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-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
ki_tlx_trip$group2C   -25.57   57728.46       0        1 
ki_tlx_trip$group2O   -25.57   57728.46       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
 
EXP 
> glm_mental <- glm(exp_tlx_trip$mental ~ exp_tlx_trip$type -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = exp_tlx_trip$mental ~ exp_tlx_trip$type - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-1.89302   0.00003   0.00003   0.00003   0.60386   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
exp_tlx_trip$typeFL   21.566   6232.377   0.003    0.997 
exp_tlx_trip$typeSR    1.609      1.095   1.469    0.142 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.8162  on 28  degrees of freedom 
Residual deviance:  5.4067  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 9.4067 
 
Number of Fisher Scoring iterations: 20 
 
>  
> glm_effort <- glm(exp_tlx_trip$effort ~ exp_tlx_trip$type -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = exp_tlx_trip$effort ~ exp_tlx_trip$type - 1, family = 
binomial) 
 
Deviance Residuals:  
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       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
exp_tlx_trip$typeFL   -25.57   46051.38  -0.001        1 
exp_tlx_trip$typeSR   -25.57   88181.68   0.000        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_performance <- glm(exp_tlx_trip$performance ~ exp_tlx_trip$type -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = exp_tlx_trip$performance ~ exp_tlx_trip$type -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.6335  -0.6335  -0.6335  -0.6039   1.8930   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)    
exp_tlx_trip$typeFL  -1.5041     0.5528  -2.721  0.00651 ** 
exp_tlx_trip$typeSR  -1.6094     1.0954  -1.469  0.14178    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 26.269  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 30.269 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(exp_tlx_trip$frustration ~ exp_tlx_trip$type -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = exp_tlx_trip$frustration ~ exp_tlx_trip$type -  
    1, family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
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-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
exp_tlx_trip$typeFL   -25.57   46051.38  -0.001        1 
exp_tlx_trip$typeSR   -25.57   88181.68   0.000        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
>  
>  
> glm_mental <- glm(exp_tlx_trip$mental ~ exp_tlx_trip$group -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = exp_tlx_trip$mental ~ exp_tlx_trip$group - 1, family = 
binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-2.29741   0.00005   0.00005   0.38499   0.38499   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
exp_tlx_trip$groupC   20.566   5910.123   0.003   0.9972   
exp_tlx_trip$groupI   20.566   7929.263   0.003   0.9979   
exp_tlx_trip$groupO    2.565      1.038   2.472   0.0134 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.8162  on 28  degrees of freedom 
Residual deviance:  7.2049  on 25  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 13.205 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_effort <- glm(exp_tlx_trip$effort ~ exp_tlx_trip$group -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
glm(formula = exp_tlx_trip$effort ~ exp_tlx_trip$group - 1, family = 
binomial) 
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Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
exp_tlx_trip$groupC   -25.57   72000.04       0        1 
exp_tlx_trip$groupI   -25.57   96598.19       0        1 
exp_tlx_trip$groupO   -25.57   57728.46       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 25  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 6 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_performance <- glm(exp_tlx_trip$performance ~ exp_tlx_trip$group -1, 
family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = exp_tlx_trip$performance ~ exp_tlx_trip$group -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.0108  -0.5553  -0.5553  -0.4854   2.0963   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|)   
exp_tlx_trip$groupC  -2.0794     1.0606  -1.961   0.0499 * 
exp_tlx_trip$groupI  -0.4055     0.9129  -0.444   0.6569   
exp_tlx_trip$groupO  -1.7918     0.7638  -2.346   0.0190 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 24.492  on 25  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 30.492 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(exp_tlx_trip$frustration ~ exp_tlx_trip$group -1, 
family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = exp_tlx_trip$frustration ~ exp_tlx_trip$group -  
    1, family = binomial) 
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Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                    Estimate Std. Error z value Pr(>|z|) 
exp_tlx_trip$groupC   -25.57   72000.04       0        1 
exp_tlx_trip$groupI   -25.57   96598.19       0        1 
exp_tlx_trip$groupO   -25.57   57728.46       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 25  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 6 
 
Number of Fisher Scoring iterations: 24 
 
>  
>  
>  
> glm_mental <- glm(exp_tlx_trip$mental ~ exp_tlx_trip$gender -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = exp_tlx_trip$mental ~ exp_tlx_trip$gender - 1,  
    family = binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-2.32725   0.00005   0.18576   0.37146   0.37146   
 
Coefficients: 
                     Estimate Std. Error z value Pr(>|z|)   
exp_tlx_trip$genderF   20.566   4917.520   0.004   0.9967   
exp_tlx_trip$genderM    2.639      1.035   2.550   0.0108 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.8162  on 28  degrees of freedom 
Residual deviance:  7.3479  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 11.348 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_effort <- glm(exp_tlx_trip$effort ~ exp_tlx_trip$gender -1, family = 
binomial) 
> summary(glm_effort) 
 
Call: 
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glm(formula = exp_tlx_trip$effort ~ exp_tlx_trip$gender - 1,  
    family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                     Estimate Std. Error z value Pr(>|z|) 
exp_tlx_trip$genderF   -25.57   59907.66       0        1 
exp_tlx_trip$genderM   -25.57   55770.99       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_performance <- glm(exp_tlx_trip$performance ~ exp_tlx_trip$gender -
1, family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = exp_tlx_trip$performance ~ exp_tlx_trip$gender -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.7244  -0.7244  -0.5350  -0.5350   2.0074   
 
Coefficients: 
                     Estimate Std. Error z value Pr(>|z|)   
exp_tlx_trip$genderF  -1.2040     0.6583  -1.829   0.0674 . 
exp_tlx_trip$genderM  -1.8718     0.7596  -2.464   0.0137 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 25.826  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 29.826 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(exp_tlx_trip$frustration ~ exp_tlx_trip$gender -
1, family = binomial) 
> summary(glm_frustration) 
 
Call: 
glm(formula = exp_tlx_trip$frustration ~ exp_tlx_trip$gender -  
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    1, family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                     Estimate Std. Error z value Pr(>|z|) 
exp_tlx_trip$genderF   -25.57   59907.66       0        1 
exp_tlx_trip$genderM   -25.57   55770.99       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
>  
>  
>  
> glm_mental <- glm(exp_tlx_trip$mental ~ exp_tlx_trip$group2 -1, family = 
binomial) 
> summary(glm_mental) 
 
Call: 
glm(formula = exp_tlx_trip$mental ~ exp_tlx_trip$group2 - 1,  
    family = binomial) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-2.29741   0.00005   0.00005   0.38499   0.38499   
 
Coefficients: 
                     Estimate Std. Error z value Pr(>|z|)   
exp_tlx_trip$group2C   20.566   4738.641   0.004   0.9965   
exp_tlx_trip$group2O    2.565      1.038   2.472   0.0134 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.8162  on 28  degrees of freedom 
Residual deviance:  7.2049  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 11.205 
 
Number of Fisher Scoring iterations: 19 
 
>  
> glm_effort <- glm(exp_tlx_trip$effort ~ exp_tlx_trip$group2 -1, family = 
binomial) 
> summary(glm_effort) 
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Call: 
glm(formula = exp_tlx_trip$effort ~ exp_tlx_trip$group2 - 1,  
    family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                     Estimate Std. Error z value Pr(>|z|) 
exp_tlx_trip$group2C   -25.57   57728.46       0        1 
exp_tlx_trip$group2O   -25.57   57728.46       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
> glm_performance <- glm(exp_tlx_trip$performance ~ exp_tlx_trip$group2 -
1, family = binomial) 
> summary(glm_performance) 
 
Call: 
glm(formula = exp_tlx_trip$performance ~ exp_tlx_trip$group2 -  
    1, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.6945  -0.6945  -0.5553  -0.5553   1.9728   
 
Coefficients: 
                     Estimate Std. Error z value Pr(>|z|)   
exp_tlx_trip$group2C  -1.2993     0.6513  -1.995   0.0461 * 
exp_tlx_trip$group2O  -1.7918     0.7638  -2.346   0.0190 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 38.816  on 28  degrees of freedom 
Residual deviance: 26.031  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 30.031 
 
Number of Fisher Scoring iterations: 4 
 
>  
> glm_frustration <- glm(exp_tlx_trip$frustration ~ exp_tlx_trip$group2 -
1, family = binomial) 
> summary(glm_frustration) 
 
Call: 
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glm(formula = exp_tlx_trip$frustration ~ exp_tlx_trip$group2 -  
    1, family = binomial) 
 
Deviance Residuals:  
       Min          1Q      Median          3Q         Max   
-3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06  -3.971e-06   
 
Coefficients: 
                     Estimate Std. Error z value Pr(>|z|) 
exp_tlx_trip$group2C   -25.57   57728.46       0        1 
exp_tlx_trip$group2O   -25.57   57728.46       0        1 
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 3.8816e+01  on 28  degrees of freedom 
Residual deviance: 4.4156e-10  on 26  degrees of freedom 
  (1 observation deleted due to missingness) 
AIC: 4 
 
Number of Fisher Scoring iterations: 24 
 
>  
> 
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